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PREFACE. 



By F. L. Ransome. 



Yerington is one of the smaller and less pro- 
ductive copper districts of the West, its entire 
output from the beginning of mining operations 
being less than a third of the annual output of 
the mines at Bisbee, Ariz. Nevertheless, its de- 
posits are exceptionally interesting to the stu- 
dent of ore deposition and differ from those of 
the lai^er and more productive districts of Utah, 
Nevada, New Mexico, and Arizona in being of 
contact-metamorphic origin and only slightly 
modified by enrichment. 

The relation of ore deposition to contact- 
metamorphic action has been discussed by Mr. 
Knopf in a keen and suggestive way. He 
shows that in this district, probably in early 
Cretaceous time, there were two plutonic intru- 
sions, the first of granodiorite and the second 
of quartz monzonite. These intrusions effected 
intense contact metamorphism of the invaded 
rocks, both igneous and sedimentary. A nota- 
ble contribution in the report is the recognition 
of a time interval, marked by dike intrusions 
and fissuring, between this first metamorphism 
and the ore deposition, which nevertheless took 
place at high temperatures and was accompa- 
nied by the formation of garnet and other sili- 
cates characteristic of contact metamorphism 
of the pneumatolytic type. It is clearly shown 
that much iron and silica were introduced into 
the limestones during the first metamorphism 
and that some of these same constituents and 
large quantities of copper and sulphur were 
added during ore deposition. 



The fact that many of the ore bodies are not 
actually at the contacts between the plutonic 
rocks and the invaded rocks leads to an inter- 
esting discussion of the essential characteristicfi 
of contact-metamorphic deposits. The conclu- 
sion is reached that mineral composition and 
associations are of more weight than mere prox- 
imity in determining the classification of a 
deposit. 

In describing the relation of enrichment to 
the adjacent limestone in the Ludwig mine 
Mr. Knopf makes the important suggestion 
that supei^ene sulphide enrichment is likely to 
be an extremely wasteful process. This con- 
clusion, which accords with that presented in 
my own paper on the copper deposits of the 
Ray and Miami districts, Ariz.,* indicates that 
estimates of the thickness of rock eroded from 
above an ore body in the course of enrichment, 
based on a comparison between the copper 
contents of protore and ore, may be far under 
the mark. 

It is impracticable in a brief preface to call 
attention to all the interesting features in the 
following pages. The report is an excellent 
example of a well-balanced, thorough study 
of a small mining district, in which the essen- 
tial facts have been discriminatingly observed, 
the conclusions ably drawn, and the whole 
presented without superfluous or unrelated 
detail. 

» U. S. GeoL Survey Prof. Paper 115 (in preparation). 
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The Yerington district, which next to Ely is 
Nevada's most productive copper district, is in 
the west-central part of the State, 50 miles 
southeast of Reno. Before 1912 it did not pro- 
duce largely, but since then, to the end of 1917, 
it has produced 61,200,000 poimds of copper. 

The rocks of the district are divided natu- 
rally into two strongly contrasted groups, sepa- 
rated by a <5onspicuous xmconformity — an 
older, Mesozoic group, to which the ore deposits 
are restricted, and a younger group, consisting 
of Tertiary volcanic rocks. The oldest rocks, 
of Triassic age, comprise andesites, soda 
rhyohte-felsites, and limestone, with subordi- 
nate quartzite, shale, and gypsum. They ag- 
gr^ate at least 8,000 feet in thickness, of which 
volcanic rocks make up 3,200 feet. They were 
invaded in post-Triassic time, probably early in 
the Cretaceous, by a medium-grained basic 
granodiorite and shortly after by a coarse- 
grained, roughly porphyritic quartz monzonite. 
These intrusions intensely metamorphosed the 
rocks they invaded : they caused the andesites 
and felsites adjacent to them to recrystallize 
and converted large volumes of the limestone 
into calcium siUcate rocks, among which dense 
heavy brown gametites predominate., Prob- 
ably one-half of the Triassic area consists of 
rocks made up of garnet, woUastonite, and 
allied silicates. After this metamorphism nu- 
merous dikes and bosses of quartz monzonite 
porphyry were injected. Faulting then en- 
sued, breaking and displacing the dikes, and 
along some of the faults formed at this time 
metalliferous solutions rose and produced the 
copper deposits to which the district owes its 
economic importance. 

The Tertiary rocks rest with marked imcon- 
formity on the Mesozoic rocks. They are domi- 
nantly volcanic and are at least 7,000 feet thick. 
They fall into three major subdivisions, which 
are separated by two well-marked unconformi- 
ties. The lowest subdivision consists of quartz 
latite, rhyoUte, and andesite breccia; it is 
tilted at angles as great as 60° ; and it probably 
is the correlative of the Esmeralda formation, 



of approximately upper Miocene age. The 
middle subdivision consists of a series of andes- 
ite flows resting in places on the eroded edges 
of the rhyohtes. The uppermost subdiviaion 
consists of subangular conglomerate overlain by 
basalt, which caps the prominent mesas in the 
southern part of the district. The basalt has 
been slightly tilted since it was erupted and has 
been miuch faulted; in fact, the present reUei 
of the range has resulted largely from post- 
basaltic faulting. 

The principal ore bodies consist of pyrite and 
chalcopyrite in a gangue of pyroxene, gametj 
and epidote. They attain 800 feet in length 
and 100 feet in width; these dimensions, how- 
ever, are exceptional and as a rule are more 
appUcable to the ore-bearing zones, in which 
the ore bodies are commonly small fractions ol 
the associated masses of barren garnet-pyroxene 
rock. In the Mason Valley mine, for example 
masses of barren garnet rock, in places 200 feet 
thick, imderUe the productive part of the ore- 
bearing zone. The known vertical range o1 
mineralization in the district, in the present 
stage of development, is 950 feet. 

The ore deposits have resulted from the re- 
placement of comparatively pure limestones 
and are of the contact-metamorphic type 
They are clearly related to faulting, and inas- 
much as the replacement of the limestone ex 
tended outward from fault fissures the or< 
bodies, as a rule, are lodelike in form. The on 
tends to occur on the limestone side of the ore 
bearing zone, though this rule is not withou 
notable exceptions. As the ore deposits an 
situated on or near faults and as these faulti 
commonly separate dissimilar rocks, such a: 
limestone from felsite, andesite, or stratifiec 
calc-siUcate n^cks, it follows from these cir 
cumstances, together with the lodelike form anc 
the tendency of the ore to occur on the lime 
stone side of the ore-bearing zones, that th< 
most systematic way of exploring for ore is t( 
drift in the Umestone parallel to the ore zon( 
and to crosscut back at intervals to the on 
zone. 
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The ore body at the Bluestone mine, consist- 
ing essentially of chalcopyrite and epidote, 
differs from the others of the district in that it 
was formed by the replacement not of lime- 
stone but of brecciated gametite and other 
contact-metamorphic rocks of the first period of 
metamorphism. Its features serve to empha- 
size the separateness and distinctness of the 
two periods of metamorphism distinguishable 
in the district, both of which occurred, however, 
during the same general epoch of intrusion — an 
earlier, widespread metamorphism marked by 
the addition of the immense i^tiantities of silica 
and iron to the metamorphosed limestones, and 
a later, localized metamorphism marked by the 
addition of silica, iron, copper, and sulphur. 
The second metamorphism, which produced the 
ore bodies, acted, as a rule, only on pure lime- 
stones (the Bluestone ore body being the one 



exception) — on limestones that were not sili- 
cated by the metamorphism of the first period. 

The primary ores of the district are essen- 
tially unenriched by later sulphides, supergene 
covellite and chalcocite being on the whole of 
minor importance. The production has come 
largely from ores of this kind from the contact- 
metamorphic deposits, and the average tenor 
of the ores has ranged from 2.75 to 6 per cent 
of copper. 

Types of ore deposits other than the contact- 
metamorphic are sparingly represented in the 
district and are of subordinate economic im- 
portance. They are exemplified by the irr^- 
ular bodies of rich cuprite ore in quartz mon- 
zonite porphyry at the Empire-Nevada mine 
and by the fissure veins in granodiorite and 
quartz monzonite porphyry, as at the Montana- 
Yerington mine. 



GEOLOGY AND ORE DEPOSITS OF THE YERINGTON DISTRiOT, NEVADA. 



By Adolph Knopf, 



Paet I. GENERAL FEATURES. 



GEOGRAPHY. 

The Yerington dbtrict is in Lyon County, 
Nev., 50 miles southeast of Renb. (See fig. I.) 
It takes its name from Yerington, the county 
seat, a prosperous agricultural town in M^ison 
Valley. Two smaller towns, of more recent 
origin and dependent almost wholly on the 
mining industry, are situated in the district^ 
Mason on the east side of the range and Ludwig 
on'ihe west side. These two towns are con- 
nected by the Nevada Copper Belt Railroad 
with Wabuska, on the Southern Pacific system, 
and with the smelter at Thompson, 2 miles 
from Wabuska. 

Aa used in this report, the term "Yerington 
district" is restricted to the area shown on 
Plate I, within which are the chief copper- 
producing mines of the r^on. The district 
includes a small part of the Singatse Range, a 
northward-trending barren desert range sepa- 
rating Mason Valley on the east from Smiths 
Valley on the west, D. T. Smith ' ascertained 
that the Indian name of therange is "Singatse," 
but neither this nor any other name ap- 
pears to be locally known or used. Smith and 
Ransome termed it the Singatse Ridge, al- 
though Spurr * had earlier applied to it the name 
"Smith Valley Range." On the topographic 
map of the Yerington district recently made by 
the United States Geological Survey, whicli 
forms the base of Plate I, "Singatse Range" is 
employed, and this name is used here. The 
range averages 4 miles in width and rises about 
1,500 feet above the valleys. The highest 
summit, Packhorse, southwest of Ludwig. 
reaches an altitudeof6,547feet. Thealtitudeof 
the range is insufficient to support a scattered 
growth of pines, such as is common on the sum- 
mits of the higher ranges of the Great Basin. 

iBnilth,D.T.,0«)Iogy of the upper region ollhe main Walker Itiv-er, 
NeT.:C»llIonilBrii!v. l>cpt. Gcoloey Hull,, vol.4, p. 3, 19W. 

' Bpatt, J. E., Geology of Nevada south odhe for Held parallel; V. S. 
0«al.Surnr Bull.aH, p. 117, IMS. 



The range rises abruptly above the floor of 
Mason Valley, its front is notched by sharp 
canyons, and a series of alluvial cones extend- 
ing from the mouths of these canyons spread 
over the valley floor. The range is made up 
of a series of ridges that overlap one another, as 
is well shown along the road that crosses the 
range through Mason Pass on the way from 
Mason Valley to Ludwig, the crossing being 
made not transversely but at a imrrow angle 
to the trend of the range. 

Mason Valley is from 4 to 12 miles wide. A 
few miles south of the area shown in Plate I 
the Bast and West forks of Walker River unite 
to form the main river, which flows northward 
through the valley and then southeastward into 
Walker Lake, 35 miles east of Yerington. The 
water of the river is largely used for irrigation, 
and the valley supports aflourishing agriculture. 
Smiths Valley, on the west side of the Singatse 
Range, is a broad, arid expanse, at whose north 
end, northwest of Ludwig, ia a playaTake that 
generally becomes dry early in September. 

The climate of the Yerington district is that 
typical of the Great Basin region. Owing to 
the aridity and to its moderate elevation, the 
Singatse Range is without running water — in 
fact, the range is so dry that there is only one 
small spring within it. 

HELD WORK. 

Field work was b^;im on July 3 and com- 
pleted on September 11, 1914. During this 
work the writer was ably assisted by E. L, 
Jones, jr. 

BIBUOGRAPHY. 

The number of pubUcations on the Yerington 
district is not large. The only previous sys- 
tematic account of the geology is that by Ran- 
some, which is based upon a week's reconnais- 
sance devoted mainly to examuiations of the 
mines. 
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PiaCBE 1.— Index map sboving the tocaCliiii oflbe Wlnfton dJEilricI, Nev. 
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1903. Spurr, J. £., Descriptive geology of Nevada south 
of the fortieth parallel and adjacent portions of 
California: U. S. Geol. Survey Bull. 208, pp. 117- 
120. 

Gives a few scattered observations concerning 
mainly the southern part of the Singatse Range. 
1905. Smith, D. T., The geology of the upper region of the 
main Walker River, Nev.: California Univ. Dept. 
Geology Bull., vol. 4, pp. 1-32. 

The geology of the upper region of the main 
Walker River, of which the Yerington district is 
a small part, is described and a reconnaiBsance 
map is presented. 
1907. Jennings, E. P., The genesis of the copper deposits 
of Yerington, Nev.: Canadian Min. Inst. Jour., 
vol. 10, pp. 257-260. 

Recognizes clearly the contact-metamorphic 
origin of the deposits and their dependence on 
fissuiing, but the supporting evidence is not pre- 
sented convincingly. 
1909. Jennings, E. P., The localization of values in ore 
bodies and the occurrence of shoots in metallif- 
erous deposits: Econ. Geology, vol. 4, pp. 255- 
257. 

Practically a restatement of the earlier paper on 
the genesis of the Yerington copper deposits. 

1909. Ransome, F. L., The Yerington copper district, 

Nov.: U. S. Geol. Survey Bull. 380, pp. 99-119. 

Outlines the broader features of the geology of 

the district, gives a section across the range, and 

describes the ore deposits and the principal mines. 

1910. Carpenter, J. A., The Yerington copper district: 

Min. and Sci. Press, vol. 101, pp. 4-9. 

This valuable paper deals mainly with the state 
of development of the principal mines of the dis- 
trict in 1910. 

1911. Jennings, E. P., Secondary copper ores of the Lud- 

wig mine, Yerington, Nov.: Canadian Min. Inst. 
Jour., vol. 11, pp. 463-466. 

1912. Rogers, A. F., The occurrence and.origin of gypsum 

and anhydrite at the Ludwig mine, Lyon County, 
Nev.: Econ. Geology, vol. 7, pp. 185-189. 

Gives a section at the mine, showing a bed of 
anhydrite, 450 feet thick, interstratified between 
quartzite and limestone. The anhydrite has 
been hydrated to gypsum to a depth of 400 feet on 
the hanging-wall side. 

HISTORY OF MINING. 

Mining in the Yerijigton district dates back 
at least as far as 1865, when attempts were 
made to work the oxidized copper ore at the 
Ludwig mine. Prior to 1907, however, oper- 
ations throughout the district were intermittent 
and never attained much importance, and as 
a matter of fact the district did not begin to 
yield much copper until after 1912. The most 
important of the eariy activities appears to 
have been the mining of natural blues tone to 
supply the reduction works at Virginia City 



during the period when the great bonanza ore 
bodies of the Comstock lode were being ex- 
tracted. The bluestone occmred in the out- 
crops of the principal ore bodies in considerable 
quantities, and many thousand tons were 
mined to furnish the copper sulphate used in 
the Washoe process of amalgamating the silver 
ores of the Comstock lode. A smelter was 
built at Ludwig in the early days, but it was not 
successful. At the Bluestone mine, on the east 
side of the range, a smelter was built in 1900, 
but it was not operated long, and similarly the 
smelter at Yerington station did not make any 
notable output. These eariy attempts were 
concerned chiefly with the oxidized ores, which 
were naturally richer than the sulphide ore but 
occurred in comparatively small quantity. In 
the absence of transportation faciUties the 
larger bodies of primary ore, essentially unen- 
riched and of low grade, were not attractive. 

Interest in the district revived about 1907. 
Some of the largest deposits were acquired by 
energetic companies with adequate capital, and 
a campaign of active exploration and develop- 
ment was begun. The Nevada Copper Belt 
Railroad, 41 miles long, was built into the dis- 
trict from Wabuska, on the Southern Pacific 
system; it was commenced in August, 1909, 
and completed to Ludwig in September, 1911. 
A smelting plant, eventually increased to a 
capacity of 1,800 tons a day, was constructed 
by the Mason Valley Mines Co. at Thompson, 
2 miles north of Wabuska. Its situation here 
at the north end of the arable part of the val- 
ley, together with the fact that the prevailing 
wind is from the south, in large measure pre- 
cludes the danger of serious difficulty with the 
agricultural interests of Mason Valley on ac- 
count of damage by smelter fumes. The plant 
began operations on January 6, 1912, and a 
considerable output was soon attained, largely 
from the ores of the Yerington district. At 
first a matte containing approximately 40 per 
cent of copper was produced, which was 
shipped to the Garfield smelter near Salt Lake 
City for conversion, but later two converters 
were added to the plant, and early in 1914 the 
production of blister copper was commenced. 

The smelter was operated continuously imtil 
October 20, 1914, when it was shut down, owing 
to the disastrous effect of the outbreak of 
the European war on the price of copper. In 
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spite of the recovery of the copper market and 
the high prices of metals that ruled during 
1915, the smelter remained idle, as did also 
Hie Mason Valley mine, from which it had 
drawn a laige part of its supply of ore. Else- 
where in the district, however, mining was 
stimulated by the great rise in the price of 
copper, and much activity prevailed. 

In February, 1917, the smelter again began 
operations, and a large output was made from 
the ores of the Blues tone, Mason Valley, and 
Nevada-Douglas mines. 

PRODUCTION. 

The production of the Yerington district 
prior to 1905 is not accurately ascertainable 
but probably did not exceed 1,000,000 pounds 
of copper, mainly as natural bluestone and 
other oxidized ores. The total mine production 
of copper since 1905, as obtained from the files 
of the United States Geological Survey, is 
61 ,193,800 pounds. This copper was recovered 
from or was contained in 886,624 tons of ore, the 
average yield being therefore approximately 
3.45 per cent of copper. The output of gold 
and silver incidental to the recovery of copper 
has been insignificant. 

Copper produced in the Yerington district^ Ner.^ 1905-1917. 



Mine production. 



1905 
1906 
1907 
1908 
1911 
1912 
1913 
1914 
1915 
1916 
1917 



Ore (tons) 



1,382 

2,501 

1,074 

360 

120 

239,606 

206,558 

102, 467 

4,736 

19, 820 

308,000 



Copper 
(pounds). 



294,000 

869,000 

297,000 

101,000 

2,800 

17, 058, 000 

15, 106, 000 

7, 274, 000 

701,000 

3, 491, 000 

«16,000,000 



a Preliminary estimate. 

GENERAL GEOLOGY. 
TBIASSIC ROCKS. 

CHARACTER. 



The oldest rocks of the Yerington district 
are Triassic andesite, f elsite, limestone, quartz- 
ite, and subordinate shale. Near Ludwig they 
include a thick bed of anhydrite, whose out- 



crop is altered to gypsum. They form a nar- 
row, irregular belt extending across the portion 
of the range west of Mason. They have been 
intruded by granodiorite and quartz monzo- 
nite, and as a result they have been highly meta- 
morphosed, some by simple recrystallization 
and others by addition of new material. The 
limestones especially were altered by pneu- 
matolysis, and as the resultant rocks are com- 
posed solidly of garnet or kindred silicates, it 
has been found necessary to map large areas — 
in fact, about one-half of the total exposure of 
Triassic rocks — ^under a separate symbol as 
gametites and allied rocks. 

The rocks dip from 70° to 90°; on the east 
flank of the range they dip 70° W. and on the 
west flank 70° E. as a rule, but the structure 
is probably not synclinal, as the rocks differ 
widely in character and sequence on the two 
sides of the range. They are cut by many 
faults, which are of at least three different ages 
and some of which are of large stratigraphic 
displacement. These features, combined with 
the profound contact metamorphism, have 
rendered it impossible to establish fully the 
stratigraphic sequence. A thickness of at 
least 8,000 feet of rock, however, appears to 
be represented. 

The Triassic rocks are a small remnant of a 
formerly extensive formation; they have been 
left isolated in an area now occupied mainly 
by granitic rocks of probably early Cretaceous 
age and by Tertiary volcanic rooks. They are, 
however, the rocks of main economio interest, 
because the limestones of the formation inclose 
the principal ore bodies of the district. 

AGE. 

Smith ^ foimd some evidence indicating that 
the rocks are of Triassic age, and Jones ^ found 
Triassic fossils in place near the Ludwig mine. 

During the present investigation fossils were 
found on the south side of the road near the 
Malachite mine, where they are abundant but 
poorly preserved and mainly of one species. 
They occur at two horizons, in black shales in- 
terstratified with limestone separated by about 
150 feet of f elsite, but are more abundant at 
the upper horizon. The shales arc overlain 
mainly by massive limestone, which includes 

» Smith,D.T.,op.dt.,pp.^lO. 

« Jones, J. C, The origin of the anhsrdrite at the Ludwig mine, Lyon 
County, Nev.: Econ. Geology vol. 7, p. 400, 1912. 
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some alternations of limestone and felsite. 
T. W. Stanton reports on the fossils collected 
hero as follows: 

9215. Lot B. Malachite mine, Yerington district, Nev. : 

Daonella sp. 

Daonella? sp. 

Trxaaaic. 

^KSIT". No. 51-J. Near Malachite mine: 

Daonella sp. 

Ammonite; imprint too obscure for generic deter- 
mination. 
Triassic. 
^18. No. 62-J. Near Malachite mine: 
Daonella sp. 

Ammonite imprint; possibly a Ceratites. 
Triassic. 

Imprints of similar fossils were found in 

^ale halfway between the Malachite and 

^[ason Valley mines and in shale 1,500 feet 

^orth of the McConnell mine. A well-preserved 

Malobia, a typical Triassic fossil, wholly gar- 

netizedy was found in the gametites west of 

the McConnell mine. It is concluded from 

this distribution of Triassic fossils that all the 

pregranitic rocks of the district are of Triassic 

age. 

VOLCANIC ROCKS. 



Andesites form a prominent belt extending 
along the front of the range from Madbn south- 
ward. They occur also along the smnmit 
south of the direct road between Mason and 
Ludwig and as inf aulted blocks near the West- 
em Nevada mine. 

The andesites are moderately dark rocks 
that display some petrographic diversity. The 
most common variety is probably that carrying 
abundant phenocrysts of plagioclase and 
hornblende or pyroxene, both somewhat incon- 
spicuous and blurred through secondary alter- 
ation. Some of the andesite differs from the 
rest because of its numerous large pheno- 
crysts of tabular plagioclase. Both massive 
porphyries and pyroclastic breccias occur in 
the andesite series, which is therefore clearly 
of extrusive origin. Dacite, characterized by 
numerous large, prominent corroded quartz 
phenocrysts associated with the feldspars, is 
intercalated in the andesites in moderate 
amount. 

Under the microscope a typical andesite, 
from the canyon up which the road to the 



Malachite mine goes, is foimd to show the 
following features: The feldspar phenocrysts 
are andesiae (AbssAn^s) ; they are more or less 
intergrownwith amphibole and other secondary 
minerals, and in consequence most of them no 
longer stand out sharply from the groundmass. 
The femic phenocrysts — :whether they were 
hornblende or pyroxene originally is now not 
ascertainable — ^have recrystallized to irregular 
aggregates of light-green amphibole< The 
groimdmass is fine grained and contains evenly 
scattered through it innumerable prisms of the 
Ught-green amphibole and minute grains of 
magnetite. 

The andesites that occur near the intrusive 
bodies of quartz monzonite have been recrys- 
tallized. The effect most obvious on casual 
inspection is that they have become darker 
and appear fresher. Moreover, the porphyritic 
structure has become obscure. In the lower 
part of the canyon through which passes the 
road to the Western Nevada mine the andesites 
have recrystaUized so thoroughly that they 
have a decidedly dioritic appearance, but the 
retention of pyroclastic structure, as revealed 
on weather-etched surfaces, still gives a due to 
their extrusive origin. Under the microscope 
the thermally altered andesites are found to 
consist mainly of plagioclase and hornblende. 
The hornblende is evenly scattered throughout 
the rocks, is more or less spongiform, and is 
evidently secondary. The original porphyritic 
structure has been obscured partly by the 
recrystaUization of the femic phenocrysts and 
partly by the growth of multitudes of minute 
hornblende prisms in the cores of the plagioclase 
phenocrysts. 

The maximum indicated thickness of the an- 
desite series is 2,000 feet. Immediately above 
the andesites are f elsites. As the andesites are 
intruded by felsite sills, and as extrusive 
felsites and felsite breccias are interstratified 
with the overlying fossUiferous Triassic lime- 
stones, it is clear that the andesites are the 
lowest member of the local Triassic section. 

SODA KHTOUTE-TELSITE ( KEaATOPHTBE). 
GBNEBAL FEATURES. 

Soda rhyolitc-felsites make up an important 
element in the Triassic section. They are 
characterized by their light color, aphanitic 
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texture, and obscurely porphyritic habit. As 
they carry but few phenocrysts and as these 
are generally mconspicuous, the felsites closely 
resemble fine-grained sedimentary rocks rang- 
ing from cherts to dense quartzites. They re- 
semble also the aphanitic calc-siUcate rocks 
that commonly result from contact-metamor- 
phic action — crocks that are logically to be 
expected in an area so highly metamorphosed 
by igneous intrusions as the Yerington district. 
In the field, therefore, the felsites are generally 
discriminable with difficulty from a variety of 
rocks of widely different origins. Fortimately, 
however, certain of the felsites reveal their 
volcanic origin either by a conspicuous flow 
banding or by a breccia structure that is devel- 
oped by the weathering of exposed surfaces. 
Notwithstanding the diversity of structure 
thus locally shown on weathered surfaces, the 
felsites have the striking peculiarity that on 
fresh fracture all are of structureless flintUke or 
cherty appearance. 

The main bulk of the felsites Ues immediately 
above the top of the andesites. The greatest 
thickness is about 1,200 feet, or at least felsites 
strongly preponderate in a belt of this thick- 
ness, as shown along the crest of the ridge 
extending east from the Mason Valley mine. 
They occur in smaller thicknesses in the over- 
lying limestone series. Among the more notsr- 
ble of these minor belts is the felsite breccia 
forming the footwall of the ore-bearing zone 
at the Mason Valley mine. 

The most prominent development of the 
felsites is the thick belt already mentioned, 
which extends along the east flank of the range. 
In this belt they are generally unaltered by 
dynamic or contact metamorpUsm. The fel- 
sites occurring in the area of highly metamor- 
phosed rocks extending from the McConneU 
mine to the summit of the range have been 
rc<;rystallized, and finely flaky biotite has been 
caused to grow in them, so that their recogni- 
tion becomes difficxilt; some, indeed, closely 
resemble aplito. 



PETROGRAPHY. 



The felsites include flows, tuffs, breccias, and 
intrusive rocks. In color they range from 
snow-white to grayish green. The effusive and 
pyroclastic members are in the main aphanitic 
rocks carrying a few obscure inconspicuous 
phenocrysts of feldspar. Some contain small 



sporadic corroded crystals of quartz, but such 
quartz-bearing felsites are comparatively rare. 
In the intrusive felsites the texture is micro- 
crystalline and the phenocrysts are more com- 
mon and more readily distinguishable, so that 
the igneous origin of these rocks is far more 
easily recognizable. 

Under the microscope the massive felsites — 
that is, the flows and intrusives — all appear to 
be essentially similar. They show sporadic 
phenocrysts of albite, or of sodic oligoclase, 
embedded in a groundmass that is generally 
cryptocrystalline. Biotite or hornblende ap- 
pear not to have been present. A secondary 
mica, probably sericite, occurs as minute fibers 
in some of the felsites. Further details are 
presented in connection with the felsites that 
have been chemically analyzed. 

The breccias, which are composed of angular 
fragments as much as several inches in length, 
are not as a rule discriminable from the lavas 
on fresh fracture. This variety of pyroclastic 
rock is the more common in the region, but 
near the Mason Valley mine somewhat different 
explosive products of the felsitic eruptions 
were found. They occur as thin strata of 
quartz-feldspar tuff inclosed in the massive 
brown gametite that forms the predominant 
coimtry rock southeast of the office of the mine. 
The tuff is a white rock made up largely of 
feldspar but containing quartz particles some- 
what larger than the average grain of the rock; 
the general megascopic effect is that of an 
apUte porphyry. The clastic origin becomes 
apparent imder the microscope, however, and 
the rock is seen to be made up of albite, quartz, 
and sporadic fragments of a trachytoidal 
volcanic material composed of albite. 

The intrusive felsites, as previously men- 
tioned, are sufficiently coarse in grain to be 
termed microcrystalline. A snow-white fel- 
site of this kind, containing scattered pheno- 
crysts of feldspar, occurs on the divide south 
of Ludwig; it shows under the microscope 
crystals of oUgoclase-albite, somewhat more 
sodic than Ab8^ni4, set in a groundmass 
whose components are well individualized. 
In this respect it contrasts notably with the 
extrusive felsites, but otherwise it is quite 
similar. The groundmass consists of quartz 
and feldspar, probably albite, forming a 
mosaic whose structure ranges between alio trio- 
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morphic and panidiomorphic granular. Titan- 
ite, apatite, magnetite, and zircon occur 
sparsely, and the secondary minerals epidote 
and actinolite are present in small amounts, 
mainly in partial replacement of the pheno- 
crysts. , 

A rock that is very similar but is rich in 
phenocrysts of albite — an albitophyre, as it 
may be called — occurs on the ridge east of the 
Western Nevada mine. 

One complete and two partial analyses of 
the f elites have been made by R. C. Wells in 
the laboratory of the United States Geo- 
logical Survey. They show somewhat greater 
diversity than was expected but bring out 
well the highly siliceous, soda-rich character 
of the lavas and their poverty in iron and 
magnesia. 

Analyses of/ehites (keratophyres) from the Yerington 

district^ Nev. 

[R. C. WelLs, analyst.] 



SiO. 

AlA 

Ifc:: 

MgO 

CaO 

NiuO 

K/> 

H,0-... 

T1O2 

ZrOj 

CO, 

P/L 

MbO 

BaO 



72.73 
14.42 
.73 
.94 
.32 
.87 
4.66 
4.50 
.36 
.36 
.22 
.04 
.19 
.07 
.01 
.09 



77.17 
« 13. 84 



1.47 

6.05 

.38 



70.18 
a 18. 43 



2.55 

7.46 

.44 



100.51 



98.91 



99.06 



a Includes some FesOi, etc. 

1. Malachite mine, north of road. 

2. Mason Valley mine, from cutting on road between 
office and portal of tunnel No. 3. 

3. Douglafl mine. 

The felsite obtained near the Malachite 
mine (No. 1) is a flintlike rock of conchoidal 
fracture, carrying sparse phenocrysts of glassy 
plagiodase one-tenth of an inch or less m 
length. Under the microscope it proves to bo 
holocrystalline, probably owing to devitrifica- 
tion. The phenocrysts are seen to be albito 
near Ab^An^ in composition. Octahedrons of 
magnetite 0.02 millimeter in size are common, 
and apatite and titanite are the other accessory 



minerals. Chlorite (in part possibly ] 
morphous after biotite or hornblende), € 
and calcite are minor secondary m 
The groimdmass, consisting of irre 
interlocking aggregates, averages O.OOl 
meter in grain. Study of the groxu 
immersed in oils of known refractive 
raises some interesting queries. The 
mum index of all particles is found to 
1.529 — in other words, no orthoclase is f 
although the subjoined calculation 
chemical analysis of the felsite calls 
per cent of orthoclase. Grains whose 
range between approximately 1.530 an< 
make up practically the whole of the g 
mass; in hquid of index 1.544 a few gi 
quartz can be detected, but the amc 
totally disproportionate to that cal 
from the analysis. The computed comf 
is given in the following table: 

Mineral composition offelsites. 



Quartz 

Orthoclase (mol.) 

Albite (mol.) 

Anorthite (mol.). 

Magnetite 

Titanite 

Apatite 

Calcite 

Chlorite 



1 


2 


26.60 


37.30 


26.78 


2.23 


39.45 


51.55 


1.96 


7.23 


1.16 




.59 




.15 




.40 




2.03 




99.11 


98.31 



The felsite from the vicinity of the 
Valley mine (No. 2) is a dense snov 
rock without phenocrysts; imder the 
scope it is seen to consist wholly of a 
mately interlocking aggregate of minute 
The refractive indices of all the grains 
1.529, and some of the grains have 
exceeding 1.544; hence, in connection w 
chemical analvsis, it is clear that the 
consists largely of albitic feldspar plu: 
quartz. 

The felsite from Douglas Hill (No 
also a dense rock without phenocrysts 
characterized by a well-marked bandii 
thin section it is found to consist of a 
intergrown aggregate of colorless, unt\ 
weakly birefringent grains that t 
0.02 millimeter in diameter. Apatite, 
ene (?), and actinolite in radial group 
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n8 minor n^ustituonts. Examination of the 
ohisIumI nH*k in oils of known indices shows 
that tho inclinvs of all particles exceed 1.529 
antl an* notably loss than 1.544, the minimum 
indox of quartz. Tho quartz indicati^d by 
tho otjuiputtui mineral composition is therefore 
ni>t pre vont. The three felsites that have been 
chemically analyzed and critically examined 
as to their mineral composition accordingly 
suggest that sodium-aluminum silicates more 
siliceous than albite are present, a conclusion 
similar to that which Muggo reached long ago 
in his chxssic studies on the toratophyres of 
Westphalia.* 

SEDIMENTARY ROCKS. 

Tho sodimontary rocks consist principally of 
liiuostono and quartzite. Tlie larger masses of 
those rooks liavo been mapped separately (PI. I, 
in pockot). The limestones as a rule are 
light colored, massive, and coarsely crystalline. 
Some thinly bedded black limestone, 200 feet 
thick, occurs east of the Mason Valley mine, 
however, and extends southward to the 
Malachite mine. Shale is not common in the 
district, the principal occurrence being the 
fossiltferous beds near the south workings of 
the Malachite mine. 

Quartzite is exposed at the upper edge of 
tho alluvium in the town of Ludwig, where it 
forms tho lowermost member of the local 
Triassic section. It is separated from the 
overlying rocks by a strike fault. A larger 
mass, surrounded by granodiorite, occurs on 
the hill northwest of Ludwig. It is a vitreous 
quartzite, which the microscope shows is com- 
posed wholly of interlocking quartz grains. 
In the absence of any positive evidence bear- 
ing on its age the quartzite is provisionally 
ma])pod with the Triassic rocks. 

GARNETITES AND ALLIED ROCKS. 
CHARACTER AJSTD DISTRIBUTIOIT. 

Highly niotamorphic rocks — tho so-called 
lime-silica to rocks ^ — make up about half the 
urea underlain bv the Triassic. Rocks com- 



> Ma;.'^e, O., T'ntorsiichuiiRpn uebcr die "Leiineiwrphyrc" in Wcst- 
falcii und don angrciizen<lcn Gcbiclcn: Neucs Jahrb., Boilage Band 8, 
1). (\V\ 1S03. 

2 Thore is no wholly satisfactory name for rocks of this Idnd. Flett 
and others of tho (Joolojncal Survey of (ireat Britain cjill them calc^ 
siUcatc homfolscs: the writer Ims elsewhere fTiingsten deposits of north- 
western Inyo County, Cal.: V. S. (^eol. Survey Bull. WO, p. 233, 1916) 
suggested that this term l>e shortened to calc-homfelscs. 



posed wholly of brown garnet, referred to in 
this report as gametites, are most abundant, 
but many other varieties occur« such as those 
consisting of epidote, clinozoisite, and vesu- 
vianite, singly or together, or such as those 
making up the thick white strata composed 
chiefly of woUastonite, as at the Bluestone and 
Ludwig mines. 

The areas in which rocks of this kind pre- 
dominate are shown separately on the geologic 
map (PL I). Gametite and allied rocks, 
however, also occur to some extent inter- 
stratified with the limestone in the areas 
where Umestone prevails. 

In places felsite and felsite tuff are inter- 
calated with the calc-homfelses, and it is ac- 
cordingly difficult in the field to distinguish 
these two kinds of rock. The intercalated 
felsites have not uncommonly been meta- 
morphosed to solid aggr^ates of fine-grained 
epidote. 

The brown gametites are well shown on the 
hill south of the office of the Mason Valley 
mine. They are heavy, dense, massive rocks 
composed wholly of microcrystalline gamet. 
As indicated by its refractive index (I31)f the 
garnet is a variety halfway between g^omir 
larite and andradite. Similar gametites, still 
retaining stratification, form the hip west of 
the McConnell mine. Under the microscope 
only minute amounts of pyroxene, quartz, and 
calcite are found to be associated with the 
preponderant garnet composing the rock. 
The index of this garnet also proves to be 1.81 • 
A gametite from this locality, noteworthy in 
containing a gametized fossil, was partly 
analyzed in the laboratory of the Geological 
Survey. 

The analysis given below clearly confirms 
the optical determination that the garnet is a 
variety about halfway between grossularite 
and andradite. 

Partial analysis of gametite from hill liear the McConneU 

minr. 

[W. B. Hieks, analyst.) 

SiOa 40.89 

AljOg 7.63 

FcoOa (toUl iron) 15.30 

Mgb 1 26 

CaO 30 61 

A stadia traverse was made across the strike 
of the rocks on Douglas HiU, and specimens 
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A. GARNBTIZED HALOBIA. 



PHOTOMICROGHAHIi 0¥ LATITE VITROPHYBE. 
lb, Labradorila; p, pyrDiene; b. biotile. 



Were taken from those rooks that differed per- 
ceptibly to the unaided eye; the speoimens 
Were examined microscopically and the ac- 
companying section (%. 2) was drawn. It is 
probable that if more specimens had been 
collected, more varieties of lime-eiUcate rocks 
vould have been discriminated microscopically. 
At the base of the section is a much brecciated 
quartzite (a); above this is the coarse lime- 
stone (6) that incloses the Ludwig lode; and 
above this are lime-eihcete rocks and felsites, 
aggregating more than 1,500 feet in thickness. 
Although these rocks are highly metamorphic, 
tbey are well stratified and retain their general 
^pect of sedimentary rocks. The fine-grained 
fock near the base of the belt of white lime- 
silicate rocks (c) consists chiefly of wcdlastooite, 
with, accessory plagioclase (Ab^ An„), diopside, 
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in column 3, on p. 15, came from this belt) 
and aphanitic homfelses. A homfels of this 
belt — a heavy even-grained aphanite of grayish- 
green color — proves in thin section to consist 
of vesuvianite, diopside, and quartz, which is 
partly idiomorphic against the other two 
minerals. Near the top of the section there 
occur gametites which are composed soUdly 
of microcrystalline garnet; as determined by 
the immersion method, the refractive index 
of the garnet is 1.75, showing that the garnet 
is nearly pure grossularite. 

OXiaiS OF THX MZTAKOBPBIO BOOKS. 

The fact that the appearance of normally 
stratified rooks is preserved by the dense 
aphanitic woUastonite rocks and gametites 
suggests that large amounts of silica, ferrio 



ndcs; g, felilUs, tlia»4lU(»te roclcs, uid guiMtlMs; *, fxilt braxda oamantvd 



olDmi(luHlll,N*v. a, QDaml[«,hlghlrbnocl>t«d:»,llniato 
rock, proliabi; including seme (fililtce; /, block epldoU 
andredil* rook. 



^Jid pyrite. The faintly banded aphanitic 
lnomfels (e) resembles to the eye exactly the 
banded felsites of the region; under the 
tnicroscopc, however, it proves to consist 
largely of slender fibers of tremoUte scattered 
through a feebly birefringent granular a^^;re- 
gate, which probably consists of plagioclase, as 
its maximum refractive index, determined by 
the immersion method, ia 1.544, The upper- 
most belt of black homfelses (/) on casual 
examination resembles a series of thin-bedded 
black limestones, but on closer Inspection it is 
found to consist of heavy aphanitic rock. In 
thin section such rock is seen to be made up 
largely of vesuvianite, of index 1.71, and 
epidote of a pale variety near clinozoisite. 
The black color of the rock is due to very 
abundant and finely disseminated carbonaceous 
matter. This belt of black rocks is overlain 
by felsites (the febite whose analysis is given 



oxide, and possibly other substances were 
added during metamorphism and that the 
volumes of the original strata have remained 
unchanged. This conclusion appears to be 
confirmed by the discovery of a completdy 
gametized fossil in the stratified gametites near 
the McConnell mine.' This fossil was identified 
as HcUobia sp. by T. W. Stanton, who com- 
mented on its preservation in undistorted 
form. (See PI.- 11, A.) The petrographic de- 
scription and chemical analysis of the garnet 
matrix of the Halohia is given on page 16, and 
from these it appears that the garnet is a 
variety high in the andradite molecule. Maui- 



I FossUi pnseTTSd Intact In slLlcstHl coDtBct-metamorphk! llma- 
slones art not uncommon. Undgren lUinenl depcslls, p. 671, ini) 
njs tbBi "at Tna Hermanis, N. Max., near the contact with gnnite 
porphyry, Spiilfcn and Fcncstallaa have been perCectly pnserved Id tha 
gamatiied rock." Gold»hinldt (UiB KoDtakt-metunorphcBe Im Krit- 
tlanlac«Uct,p.X27,l9n) found that In some of the contact-allcnd llms- 
lEonas thlck-walled brocUopod shelLi bare been oompletelf altend to 
woUutonile. 
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festly the gametization of the Haiohia and its 
matrix took place without change in yolume or 
increase of porosity, and it must therefore have 
involved the addition of large amounts of ferric 
iron, siUca, and probably alimiina to the metar- 
morphosed limestone from an extraneous 
source. In view of the considerable areal ex- 
tent of rocks of this kind in the Yerington dis- 
trict, this great accession of material becomes 
one of the most noteworthy features of the 
geology of the district. 

Inclosed in the lime-silicate rocks are irregu- 
lar masses of limestone, which, as the field 
evidence discloses, are residual from inter- 
bedded strata that were not wholly replaced 
by silicates. Incomplete replacement of this 
kind is well shown in a belt of thin-bedded 
black limestone 200 feet thick near the Mason 
Valley mine. (See fig. 7 , p. 53 . ) The northern 
Bxtension of the belt is completely metamor- 
phosed to sihcates, but toward the south the 
^ihcates diminish abruptly and finger out 
Tregularly in stringers penetrating the un- 
stltered limestone. 

Along* the contact of the massive limestone 
[)elt and the calcium silicate rocks southwest 
3f Douglas Hill blocks and slabs of unsiUcated 
limestone are commonly inclosed in rocks com- 
posed solidly of silicates; that this relation is 
lot due to faulting that occurred after the 
period of silication is shown by such features 
is the corroded and embayed boundaries of 
the limestone blocks and by the tonguelike 
[nasses of silicates penetrating the limestone. 
Along this contact there occur also breccias of 
limestone in which the hmestone fragments are 
surrounded by networks of tremolite fibers. 

The widespread profound metamorphism 
described in the preceding paragraphs occurred 
shortly after the intrusion of the granodiorite 
a,nd quartz monzonite, and, as pointed out in 
detail on page 43, it almost wholly preceded 
the intrusion of the quartz monzonite por- 
phyry. It led to the development of large 
masses of aphanitic or microcrystalline silicate 
rocks. It is referred to in this report as '*the 
metamorphism of the first period '' to distin- 
guish it from the later, more localized, and 
wridely different metamorphism accompanying 
the formation of the copper ores of the district.^ 

1 A similar relution lietwcen regional contact metamorphism and later 
leposition of contact-mctamorphic ore occurs in the Darwin district, 
3al. (See Knopf, Adolph, The Darwin silver-lead mining district, Cal.: 
J. S. Geol. Survey Bull. SSO, pp. 1-18, 1915.) 



GYPSUM. 

A bed of gypsum 450 feet in maximum tMck- 
ness and sufficiently large to be sho¥m on the 
geologic map (PI. I) occurs near the Ludwig 
mine. It is underlain by quartzite and is over- 
lain by limestone about 170 feet thick, which 
separates it from the Ludwig lode. These 
geologic relations are shown in figures 9- (p. 59) 
and 10 (p. 60). A small mass of intrusive 
granodiorite lies within 200 feet of the main 
outcrop of the gypsum bed. 

The origin of the gypsum has aroused con- 
siderable interest. Ransome^ suggested that 
it resulted from the alteration of limestone by 
acid solutions derived from the oxidizing sul- 
phides of the Ludwig ore body. Later devel- 
opment work at the mine showed, however, 
that the gypsmn passes into anhydrite in 
depth, and Rogers ' established conclusively 
that the gypsum originated from the anhydrite 
by hydration. It was assumed by Rogers that 
the anhydrite was originally formed during the 
evaporation of an inland sea. Jones,* how- 
ever, advanced the hypothesis that the anhy- 
drite resulted from the dehydration of a bed of 
gypsimi originally laid down during the depo- 
sition of the Triassic rocks. He based his ex- 
planation on the fact that the Triassic at other 
places in Nevada where it has not been af- 
fected by intrusive igneous rocks contains in- 
terstratified beds of gypsum; but at Ludwig, 
where the Triassic is cut by granodiorite, 
anhydrite occurs, which is very probably 
therefore metamorphosed gypsum. If gypsum 
is heated at atmospheric pressiu^ to 130** C. 
it loses all its water and becomes converted 
into anhydrite; at higher pressures the tem- 
perature of dehydration would be raised, in 
accordance with the law of Le Chatelier. Now 
the rocks associated with the anhydrite have 
been profoundly altered by thermal metamor- 
phism, as is described on pages 16-17 and shown 
in figure 2, and this leaves little doubt that 
the anhydrite, if originally gypsum, was heated 
to a temperature high enough to effect its 
dehydration, notwithstanding its burial to con- 

8 Ransome, F. L., The Yerington copper district, Nev.: U. S. 0«oL 
Survey Bull. 380, pp. 112-113, 1909. 

> Rogers, A. F., The occurrence and origin of gypsum and anhydrite 
at the Ludwig mine, Lyon County, Nev.: Econ. Geology, vol. 7, pp. 
18S-189, 1912; see also Notes on the occurrence of anhydrite in the United 
States: School of Mines Quart., vol. 36, pp. 128-130, 1915. 

< Jcoes, J. C, The origin of the anhydrite at the Ludwig mine, Lyoo 
County, Nev.: Econ. Geology, vol. 7, pp. 40(M02 4912. 
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siderable depth. Obviously, however, no de- 
cisive evidence can be adduced in this area of 
intrusion, metamorphism, and faulting to es- 
tablish whether the bed was originally laid 
down as gypsum or as anhydrite. 

The deposit was formerly utilized as a com- 
mercial source of gypsum, as is described on 
page 62. 

CORRELATION OF THE TRIASSIC ROCKS. 

The Triassic rocks of Nevada were diWded 

by Hague into two formations. The lower of 

these was called the Koipato and was described 

as consisting of quart zites and ^^felsitic pot»- 

phyroids," aggregating roughly 6,0^0 feet in 

thickness. The porphyries were thought to be 

metamorphic sedimentary rocks. It was shown 

by Ransome,* however, that the Koipato is 

dominantly of igneous origin. **It consists of 

volcanic flows, mostly rhyolitic but including 

c^tso andesitic lavas, associated with tufEs, con- 

^ornerates, grits, and limestones." The later 

^ork of Jones * and Schrader '• in the recently 

discovered Rochester district, in the Humboldt 

Aange, has confirmed this statement and has 

shown the wide textural variety of rhyolites 

deluded in the Koipato formation. 
One of the more coarsely crystalline "por- 

Ptyroids" from Cottonwood Canyon, in the 

'*Umboldt Range, was analyzed for the For- 

^^tH Parallel Survey,* as follows: 

-^nalygis of rhyolite from the Humboldt Ranges Nev. 

[M. R. Woodward, analyst J 

SiOa 74. 74 

AlA 14.14 

FejO, 79 

. QiO 1.51 

MgO 39 

NajO 92 



K^O 



5.29 



Loss on ignition 1. 88 

99.66 

This analysis shows that the rhyoUte is a 
formal potassic variety, and in this respect it 
differs very considerably from the soda-rich 
^hyoUtes in the Triassic of the Yerington 
district. 

1 Ransomfi, F. L., Notes on some mining districts in Humboldt County, 
Kev.: U. B. Geol. Survey Bull. 414, p. 32, 1909. 

> Jones, J. C, Geology of Rochester, Nev.: Min. and Sci. Press, vol. 106, 
pp. 737-738, 1913. 

s Schrader, F. C, The Rochester mining district, Nev.: V. 8. Ceol. 
Sorvey Bull. 580, pp. 3't4-338, 1915. 

* U. 8. Geol. Expl. 40th Pur. Rept., vol. 2, p. 722, 1877. 



The Star Peak formation overlies the Koipato 
and consists, as determined by Hague, of 
''broad alternating zones of quartzites and 
limestones/' roughly estimated as 10,000 feet 
thick. According to Ransome, the stratigraphy 
and lithology of the formation are in need of 
detailed study. The formation is of Middle 
and Upper Triassic age, as established by 
Gabb, Meek, Hyatt and Smith, and J. C. Mer- 
riam. The Triassic of the Humboldt Range 
also contains tliick lenses of gypsum,* such as 
occur also in the Yerington district. 

The Triassic rocks of Nevada, as will be 
seen from the foregoing statements, attain a 
great thickness, possibly as much as 16,000 
feet, of which 6,000 feet is dominantly of 
igneous character. The locaUty nearest to the 
Yerington district at which Triassic fossils 
occur is in the Pine Nut Mountains, 15 miles 
northwest of the district. Here Whitney • and 
later Spurr^ found fossils in shaly limestone, 
but not much is known about the rocks of this 
locality. The Triassic probably occurs, ac- 
cording to Hill,' at many places in western 
Nevada. In eastern California, in the Inyo 
Range, the Triassic appears in large volume; 
it includes here at least 4,500 feet of andesitic 
lavas, tuffs, and breccias.' The igneous rocks 
are interleaved with marine limestones whose 
fauna has been carefully studied by J. P. 
Smith and determined to be of Middle Triassic 
age. Lindgren^^ has assembled the information 
showing that the Triassic period was one of 
volcanic activity along the whole Pacific 
coast from Inyo County, Cal., to the Alaska 
Range. 

CBETACEOXTS (?) BOCKS. 
GENERAL RELATIONS. 

The Triassic rocks, after being folded, were 
invaded by a succession of igneous rocks, 
which, named in the order of their intrusion, 
are basic granodiorite, quartz monzonite, aplite, 
and quartz monzonite porphyry. These post- 

6 Louderback, Q. D., Basin Range structure of the Humboldt region: 
Oeol. Soc. America Bull., vol. 15, p. 295, 1904. • . 

« Whitney, J. D., Caliiomia Oeol. Survey, vol. 1, p. 450, 1885. 

' Spurr, J. E., Descriptive geology of Nevada south of the fortieth 
parallel and adjacent portions of California: U. 8. Oeol. Survey Bull. 206, 
pp. 122-123, 1903. 

* IIUl, J. M., Some mining districts in northeastern California and 
northwestern Nevada: U.S. Oeol. Survey Bull. 504, p. 20, 1915. 

• Knopf, Adolph, Mineral resources of the Inyo and White mountains, 
Cal.: U. S. Oeol. Survey Bull. 540, pp. 87-88, 1914. 

>• Lindgren, Waldcmar, Igneous geology of the Cordilleras, in l^oblems 
of American Geology, pp. 250-252, Yale University, 1915. 
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6 are presumably of early 
le those of the Sierra Nevada, 
) the west. 

:e and quartz monzonite are 
aportant. Although no great 
separated their intrusions, 
are chemically distinct, the 
) being much more siliceous 
lower in iron, magnesia, and 
ere derived from a common 
ies a notable differentiation, 
the hypothetically resultant 
e occurs in the district, 
sedimentary rocks were in- 
rphosed as a result of the 
'hether this metamorphism is 
diorite or to the quartz mon- 
:; to both, could not be deter- 
tain, however, that the quartz 
lyry, the last member of the 
ice, was injected after the 
was effected. This matter, 
int in the genesis of the ore 
ssed in detail on pages 43-44. 

rOR INTRUSIONS. 
a&AVODIOUTX. 

; the oldest granular intrusive 
zt. It is most widely exposed 
theast of Ludwig, extending 
to Mason VaUey, and is quite 
oughout its area. It is a gray 
equigranular rock, showing no 
:^z, and resembles a diorite. 
roscope plagioclase (Ab^Angs) 
he dominant constituent; it 
ir crystals which are alined 
thus giving the granodiorite 
icture. Hornblende and bio- 
1 about equal quantities, are 
an minerals. Microcline and 
linate components, the quartz 
ust sufficiently abundant to 
the rock a granodiorite. The 
tils are magnetite, which is 
lant, titanite, apatite, and 
n the following table is given 
he granodiorite, made on a 
1 altitude of 5,540 feet on the 
Bluestone mine, together with 
uartz monzonite that intrudes 



Analyses of granodiorUe anir quartz mcnwonile from the 

Yenngton district , Nev. 



SiOo. . 
AlA- 

MgO.. 
Na-0. 

kJ},. 

H,0- 

H;,0 + 

TiO,.. 
ZtO,.. 

ca... 

BaO.. 
SrO... 



67.90 

16.38 

3.02 

3.66 

3.13 

6.33 

4.10 

2.52 

.18 

.89 

1.12 

None. 

.08 

.42 

.09 

.06 

.08 



99.96 



68.35 

14.71 

1.69 

1.47 

1.11 

3.11 

4.28 

3.54 

.31 

.46 

.57 

None. 

.14 

.20 

.04 

.06 

.07 



100.11 



67.70 

15.95 

1.53 

1.14 

L23 

2.70 

4.83 

a 74 

.19 

.36 

.23 



8 



99.60 



a Uadetennliied. 

1. Granodiorite. George Steiger, analyst. 

2. Quartz monzonite. Geoive Steiser, analyst. 

3. Quartz monzonite. D. T. Smith, analyst; Califor- 
nia Univ. Dept. Geology Bull., vol. 4, p. 20, 1905. 

The chemical analysis confirms the deduction 
drawn from the mineral composition that the 
rock is a basic end member of the granodiorite 
group; indeed, the rock might equally well be 
termed a tonalite or diorite. The rock closely 
resembles the granodiorite from Donner Pass, 
in the Sierra Nevada.* 

QUAHTZ MOirzoirrrE. 

GENERAL FEATURES. 

Quartz monzonite appears in large volume 
southeast of Ludwig and occupies the entire 
width of the range. It probably makes up 
much of the range south of the mapped area, 
for it i3 prominently exposed in the lower part 
of the canyon of West Walker River, where 
this stream cuts through the range. 

The intrusive relation of the quartz mon- 
zonite to the granodiorite is clearly shown 
northwest of the Bluestone mine, where 
apophyses of quartz monzonite penetrate the 
granodiorite. The contact between the two 
rocks is sharp: the quartz monzonite main- 
tains its character unchanged within half an 
inch of the boundary, but here it has a sahc 
selvage, narrow dikes of which cut the grano- 
diorite. This absence of contact chilUng leaves 

1 Lindffren, Waldemar, Granodiorite and other intermediate rocks: 
Am. Jour. Sci. , 4th ser., vol. 9, p. 273, 190U. 
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little doubt that the quartz monzonite was 
intruded soon after the granodiorite. 

The quartz monzonite is a. coarsely granular 
aggr^ate consisting of plagioclase, orthoclase, 
quartz, hornblende, and biotite. It is char- 
acterized especially by large imperfect crystals 
of pearl-gray orthoclase, which give it a rude 
subporphyritic aspect. The plagioclase is white 
and contrasts plainly with the pearl-gray 
orthoclase; it is easily seen that the two kinds 
of feldspar occur in about equal quantities, 
and as a rule the rock is therefore readily 
recognizable as a quartz monzonite. It differs 
from the granodiorite most obviously in its 
coarser grain, its roughly phenocrystic ortho- 
clase, and its megascopic quartz. Areally the 
quartz monzonite is nearly uniform in struc- 
ture and mineral composition. The most 
Noteworthy departure from this uniformity 
^ in the tips of the apophyses that penetrate the 
*ioie-siUcate rocks southeast of Ludwig; here 
^Ixe quartz monzonite grades into coarse 
atite, which conunonly shows local de- 
^lopment of graphic structiu^e and is in places 
Vightly tourmaliniferous. 

Under the microscope the potassium feldspar 
the quartz monzonite proves to be mainly 
erthitic microchne. The characteristic plaid 
►^urinning of microcline is rather imequaUy 
eveloped, and some of the feldspar resembles 
^ir^rthoclase but is doubtless microcline, in con- 
ormity to the rule that microperthite is an 
^'munixed'^ sohd solution in which the ortho- 
^ase has inverted to microcline dming the 
*' unmixing.'** The plagioclase is an oligo- 
dase of the composition Ab76An26, a compo- 
sition found to prevail in specimens from widely 
separated locaUties. Quartz is prominent, and 
biotite and hornblende in about equal amoimts 
are the dark minerals. Myrmekite (a pecuUar 
intergrowth of quartz and microcline) is a subor- 
dinate constituent, and magnetite, titanite, 
apatite, and zircon are the accessory minerals. 
Epidote is a minor secondary constituent. 

A chemical analysis of the quartz monzonite 
is given in column 2 on page 20; it fully con- 
firms the mineralogic evidence in showing that 
the quartz monzonite differs notably in com- 
position from the granodiorite. The content 
of potassa is somewhat lower than the mega- 
scopic evidence suggested, but this discrepancy 

1 Warren, C. II., A quantitative study of certain perthitic feldspars: 
Am. Acad. Arts and Sci. Proc., vol. 51, p. 151, 1915. 



appears to be due to the fact revealed by the 
microscope that the potassium feldspar is mi- 
croperthitic. The specimen analyzed was ob- 
tained near Mickey Pass, and for comparison 
an earher analysis of a specimen obtained by 
D. T. Smith about 1^ miles southwest of this 
locaUty is given (column 3); it agrees closely 
with the later analysis. 

In chemical composition the granodiorite 
and quartz monzonite of the Yerington dis- 
trict resemble those of the Sierra Nevada, 
especially in their dominantly sodic character. 



SCAPOLinC ALTERATION. 



The quartz monzonite is profoundly scapoli- 
tized at two localities — one west of the Mc- 
Connell mine and the other on the 6,225-foot 
hill east of Ludwig. The second occurrence is 
the more noteworthy of the two. The quartz 
monzonite of this locality, which is several 
hundred feet from the contact, is traversed by 
a system of scapolite and epidote veins, and 
the intervening rock is scapblitized and epi- 
dotized on a large scale. The rock contains 
veinlike masses as much as 2 feet wide that 
consist solidly of white scapolite, which is in 
radial columnar groups attaining 8 inches in 
length. The adjoining wall rock, where it is 
not highly epidotized, resembles a coarse- 
grained gabbro, but imder the microscope it 
proves to consist of scapolite, pyroxene, epi- 
dote, quartz, titanite, and apatite. Scapolite 
predominates; it is subhedral, and its refrac- 
tive indices as determined by inmiersion in 
oils (cj 1.55 and e slightly less than 1.54) show 
that it is practically a pure sodiiun scapolite. 
None of the original minerals of the quartz 
monzonite remain, except some quartz, and 
even this is in greatly reduced amount. 

The scapolitic and epidotic alteration, it is 
\jlear, did not take place aroimd blocks of sedi- 
mentary rock engulfed in the quartz monzo- 
nite but was determined in large measure by 
a system of steeply dipping joints along which 
the metamorphosing solutions flowed. 

MINOR INTRUSIONS. 
APLITE. 

Aplite is not common in the district. It is 
practically absent from the granodiorite and 
quartz monzonite areas but occurs as sporadic 
dikes in the metamorphic rocks which they in- 
vaded. In places it is diflSicult to distinguish 
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in tho field aplitcs from felsites that have been 
thomially metamorphosed; and for this reason 
the amount of aplite shown in Plate I to occur 
8i>uthwe8t of the Bluestone mine is possibly 
t4H> large. Although aplite occurs in the dis- 
trict, pegmatite does not, except for the very 
minor amount in the ends of the quartz mon- 
zonit« apophyses. The apUte that cuts the 
large apophysis of quartz monzonite penetrat- 
ing the granodiorite north of the Bluestone 
mine is a snow-white fine-^^ined rock wholly 
devoid of dark minerals. It is rudely porphy- 
ritic through tho occurrence of quartz in small 
subhedral phenocrysts. Microscopically it 
proves to consist of orthoclase, oligoclase, and 
quartz. An aplite dike occurring in the gar- 
netit^s and wollastonite rocks near the Blue- 
stone mine is found under the microscope to be 
composed of albite and quartz. 

QUARTZ MOHZOHITB PORPHYRY. 
OCCURRENCE AND CHARACTER. 

Dikes and stocks of quartz monzonite por- 
phyry are common in the district. They cut 
all the pre-Tertiary rocks, inclusive of the 
aphtes that followed the quartz monzonite in- 
trusion. The dikes are particularly abundant 
in the granodiorite northeast of Ludwig, where 
they are noteworthy for their branching and 
gangliform character. They range from varie- 
ties so highly crowded with phenocrysts as to 
closely resemble granitic rocks to porphyries 
having an aphanitic groundmass. The por- 
phyries of the stocks and the larger dikes are 
tho most nearly granular, but even in dikes 
that are only 10 feet wide and traverse calc- 
silicate rocks the phenocrysts predominate 
over tho groundmass. 

A common feature of all the dikes is that the 
orthoclase occurs as large porphyritic crystals 
of pearl-gray color. Plagioclase phenocrysts 
are numerically more abundant but are much 
siujillor. Ilomblende is the sole ferromag- 
n(»sian mineral; it is usually altered, commonly 
to opidote. Many of the plagioclase pheno- 
crysts also are pseudomorphously altered to 
('[)i(]()t(^ in fact, no material was found in any 
of tlic many dikes of the district that was 
wholly free from opidotization and as altera- 
tion of this kind is commonly associated with 
the copper metallization, it arouses the sus- 
})icion that the dikes afforded paths of escape 
for mineralizing solutions. 



A certain range of chemical composition of 
the porphyries is indicated by the range in the 
abundance of quartz phenocrysts in different 
dikes. In some the prevalence of rounded di- 
hexahedrons of quartz is the most obvious 
macroscopic character; in others, however, 
quartz phenocrysts are so rare that they can be 
found only after the most searching inspection. 
These differences suggest that the varieties 
practically devoid of quartz phenocrysts may 
be granodiorite porphyries that were injected 
shortly after the intrusion of the granodiorite 
and before the intrusion of the quartz monzo- 
nite; and that those dikes rich in quartz pheno- 
crysts are quartz monzonite porphyries that 
were injected after the intrusion of the great 
mass of quartz monzonite. The crucial test of 
this hypothesis is in the intersection of the two 
kinds of porphyries, but although dikes are 
conunon in the district none were found to in- 
tersect. Furthermore, as there appears to be a 
gradation in degrees of prevalence of quartz 
phenocrysts in different dikes, it was felt to be 
rather too fine a distinction for field use to 
attempt to discriminate between granodiorite 
porphyries and quartz monzonite porphyry, 
and so all were mapped as quartz monzonite 
porphyry. 

The porphyries differ from the granodiorite 
and quartz monzonite in the absence of biotite 
and, as shown by the microscope, in the absence 
of magnetite, which is an abundant accessory 
mineral in the granular rocks. They thus show 
an impoverisliment in iron and magnesian 
minerals, indicating that at the time they were 
injected the parent magma had begun to 
differentiate, as indeed is indicated by another 
line of evidence, in that the porphyry dikes 
intersect aplite dikes that followed the intru- 
sion of the quartz monzonite. 



PETROGRAPHIC DETAILS. 



Two porphyries, representing the extreme 
varieties in respect to the abimdance of quartz 
phenocrysts, have been selected for special 
description. One of these was obtained from a 
mass of poi-phyiy intrusive into the quartz 
monzonite southeast of Mickev Pass. It is a 
white rock that on casual inspection appears to 
be coarsely granular but on closer observation 
is seen to be highly porpluTitic, a feature most 
apparent from the abimdant corroded dihexa- 
hedrons of quartz. It carries sporadic large 
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phenocrysts of orthodase; innumerable striated 
crystals of glassy plagioclase, and lesser 
amounts of hornblende. The individual crys- 
tals of orthoclase are from 8 to 27 times as large 
as the individual plagioclase crystals, but as 
the phenocrysts of plagioclase far outnumber 
those of orthoclase the amounts of orthoclase 
and plagioclase present are roughly the same. 
At the contact with the quartz monzonite this 
almost granular porphyry has a notably chilled 
border. The resulting porphyry is character- 
ized by its smaller phenocrysts, which amoimt 
to roughly half the bulk of the rock, and its 
aphanitic groimdmass. Under the microscope 
the normal porphyry is found to carry pheno- 
crysts of orthoclase, oligoclase, quartz, and 
hornblende in a groimdmass that forms not 
over 15 per cent of the bidk of the rock. The 
orthoclase contains idiomorphic inclusions of 
plagioclase and titanite, as weU as irregular 
patches of quartz suggestive of the ''unmixing" 
of an originally homogeneous sohd solution; the 
oligoclase dominates numerically and has the 
composition Ab,© An^o; the quartz crystals are 
magmatically corroded; and the hornblende is 
pale green, reedy, and anhedral. The groimd- 
mass is an irregular intergrowth of quartz and 
oligoclase, the oligoclase being in places poorly 
idiomotphic. Titanite and apatite are the 
accessory minerals; titanite is the more abun- 
dant and occurs as crystals nearly as large as 
the hornblende prisms. 

The other porphyry selected for special 
description occurs in the hanging-wall country 
rock of the Ludwig lode. It carries scattered 
crystals of pearl-gray orthoclase ranging from 
12 to 15 millimeters in length, innumerable 
plagioclase crystals averaging about 4 milU- 
meters, and euhedral prisms of hornblende 10 
millimeters long. So well does the ground- 
mass blend with the rest of the rock that the 
general effect is that of a somewhat porphyritic 
monzonite. When examined under the micro- 
scope, however, phenocrysts and groimdmass 
are found to be sharply contrasted and, as 
measured by the Rosiwal method, to bo roughly 
equal in amount. The plagioclase, as in the 
other porphyry, is an oUgoclase of the com- 
position Abyo Arigo; some of the crystals are 
completely altered to epidote. The porphyry- 
contains sporadic individuals of quartz which 
are highly corroded and very small, not ex- 
ceeding 0.6 millimeter in length. The ground- 



mass is an imperfect micrographic* intergrowth 
of quartz and orthoclase. Titanite and apa- 
tite, occurring as comparatively large crystals, 
are the accessory minerals. Although this por- 
phyry is macroscopically widely different from 
the other one, the microscopic analysis appears 
to minimize the difference in chemical compo- 
sition that would be assumed to exist between 
them: In one the quartz is all in the ground- 
mass and in the other it is mainly in the 
phenocrysts. 

TEBTIABY BOCKS. 
THE SECTION IN GENERAL. 

The Tertiary period is represented in the 
Ycrington district by three major subdivisions, 
which are separated by two wcU-marked im- 
conformities. The rocks are probably all 
younger than middle Miocene. The lowest 
member consists chiefly of rhyoUte with some 
intercalated fluvial and lacustral sediments 
tilted at angles of 15° to 65°; the middle mem- 
ber consists of andesite; and the upper member 
consists of basalt in horizontal sheets capping 
a conglomerate. The Yerington section is thus 
dominantly volcanic, and it aggregates roughly 
7,000 feet in thickness. The columnar section 
is shown in figure 3. 

CONGLOMERATE AT THE BASE OF THE TEETIARY 

SECTION. 

At the base of the Tertiary section there is 
generally a conglomerate resting on granodior- 
ite. It consists of cobbles and of boulders as 
much as 6 feet in diameter, all of which are 
well rounded but are imsorted and unstratified. 
These features suggest that the conglomerate is 
probably of fluvial origin. Although consisting 
mainly of andesite cobbles, it contains sporadic 
boulders of granitic rocks and siliceous sedi- 
ments. Boulders of granodiorite 6 feet in 
diameter were seen. The conglomerate is at 
most 150 feet thick. It is persistent enough to 
be mapped, and its distribution is shown on 
Plate I (in pocket) . 

LATITE SERIES. 
LATITE VITROPHTRE. 

A scries of lavas, charactorizod by their 
columnar structure and dark-red or brown color 
on weathered surfaces, overhe the conglomerate. 
The basal member of tliis series is a higlilv dis- 
tinctive flow of black porphyritic glass, which 
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attains a maximum thickness of 100 feet. It 
rests oil the conglomerate where that member 
is present, but elsewhere it lies directly on the 
granodiorite. It occurs at widely separated 
localities and invariably in the same strati- 
graphic position and is consequently a good 
horizon marker. 



>j'-ii!K :i.-0,lu[iuiars»ctloiiol tbe Tfrllnry rocks in the Yerington 
district. 

'Iln; ftln^s ll<jw has at some looahties an excel- 
lent '■(jliimiiar structure. The columns, which 
il'iiili(.]i'-s origiiiaUy stood vertical, now dip at 
im;;!'- of iibout 30" E. as a result of tho west^ 
wiinl tilling of the latite scries. The glass How 
iilt.iiiiis in f^mitest thickness, roughly 100 feet, 
ii'-fir thi' Monttiiia-Yerington mine; toward the 
j-.oiilli it (^rtu! iiuUy decreases in thickness, and 
V.-—1 of Miksoii it is only 6 to 8 feet thick. On 
ht:':ti\nil of its thinness the glass flow has been 



mapped with the overlying series of quartz 
Ifttites. 

The vitrophyre is strikingly fresh, being 
coated only with a thin film of decomposition 
products. It consists of a black lustrous glass 
carrying numerous crystals of plagioclase and 
splendent foils of biotite. Under the micro- 
scope the vitrophyre shows a marked fluidal 
structure, which in its swirls incloses many 
phenocrysts, mainly of plagioclase, biotite, and 
pyroxene. The plagioclase, of the compoei* 
tion Ab^AnM, predominates; it is generaUy 
more or lees angular, but some of it is partly 
embayed. Sanidine occurs sparaely in some 
thin sections but fails in others, aod it is 
evidently a rare constituent of the vitrophyre. 
Biotite, commonly bent, is the chief ferro- 
magneeian mineral. Both augite and an 
orthorhombic pyi-oxene, which is either bnmz- 
ite or enstatite, occur. Hombl^de, magnet- 
ite, and apatite are accessory minerals. The 
glass is highly flow streaked, deep-brown glass 
alternating with hght, almost colorless streaks, 
as may be partly seen in Plate II, B; it is com- 
pletely isotropic, and its index is found by the 
immeraion method to be 1.50. The micro- 
scope fully confirms the megascopic impression 
that the rock is ideally fresh. 

The analysis of a specimen obtained north- 
cast of Mason, given below in column 1, was 
made in the laboratory of the Oeolf^cal 
Survey: 
Analyia o/lavat/rom the Yerington and T<mopah dutrid*. 

lOwaxe Stelgii, analyst.] 
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The hi^ potassa content is probably the 
most noteworthy fact disclosed by the analysis 
and shows that the vitrophyre falls into the 
latite group; the silica, however, is somewhat 
higher than in typical latites, corresponding 
rather with that of the rocks in recent years 
termed quartz latite. As only a small part of 
the potassa is contained in the biotite and the 
amount of sanidine in the vitrophyre is insig- 
nificant, the bulk of the potassa is locked up in 
the glass groimdmass. 

The analysis of the vitrophyre corresponds 
more closely with that of the Brougher dacitic 
rhyolite (column 2), as Spurr terms it in his 
latest report on the geology of Tonopah,^ than 
with that of any other lava in that district.' 
It agrees closely in Ume, soda, and potassa, but 
the Brougher rock, which in the nomenclature 
here employed would be called quartz latite, is 
somewhat higher in silica. 

QTTABTZ LATITS8. 

A distinctive series of lavas overlies the glass 
flow or, where the glass is absent, the conglom- 
erate at the base of the Tertiary section. These 
lavas are characterized by their brown color 
and well-marked 'columnar structiu*e. They 
are highly porphyritic, containing numerous 
crystals of plagioclase, quartz, and biotite; in 
the field they were therefore called dacites. In 
some of the lower flows the quartz phenocrysts 
are sparse or lacking, and consequently some of 
these flows resemble andesites. Toward the 
top of the series the quartz phenocrysts become 
abxmdant and sanidine appears and becomes 
prominent; in short, there is a complete grada- 
tion into the rhyoUtes of the overlying series. 
The boimdary between them and the rhyoUtes 
drawn on the geologic map (PL I) is therefore 
purely arbitrary. 

The lavas of this group are best shown along 
the east front of the range, in the northern part 
of the area mapped. The columnar structure 
is especially conspicuous here, and as the lavas 
weather dark red and brownish red the series, 
viewed in the large, is of basaltic aspect. The 
columns, of which part are hexagonal and part 
are of other perimeters, are 10 feet long and dip 
15® E. The lavas aggregate several hundred 
feet in thickness hero, 500 feet being probably 

^Sporr, J. E.» Geology and oro deposition at Tonopah, Nev.: Econ. 
Geology, vol. 10, p. 746, 1915. 

'Sporr, J. E., Geology of the Tonopah mining district, Nev.: U. 8. 
QmI. Survey Prof. Paper 42, p. 57, l^. 



the maximum, but they thin toward the so 
near Mason only the basal glass flow is left, 
this itself, as before noted, is but a few 
thick. They occur, however, on the ^ 
flank of the range. 

A specimen taken from a flow immedis 
above the biotite-pyroxene latite vitrop] 
proves microscopically to be a porphyry w! 
groimdmass is a glass of markedly fluxi< 
structure. Plagioclase (AbeoAn4o) predomin 
among the phenocrysts. Biotite is come 
Quartz phenocrysts are rare, and sanidin 
large sporadic crystals is s^ill less common, 
the flows higher in the sequence the.micros< 
verifies the observation that the quartz 
sanidine phenocrysts are abundant and sh 
that plagioclase is rare. In view of t 
features the lavas are called quartz latite 

RHYOLrrE. 

Rhyohte is the dominant Tertiary vole 
rock of the district. It makes up a thick s( 
of tuffs, breccias, and lavas in which the p 
clastic members predominate. They are h 
colored rocks, white, ash-gray, and pink b 
the principal colors. As a rule they are < 
spicuously porphyritic and carry nume: 
phenocrysts of quartz, sanidine, and bio 
They are quite uniform in mineral comj 
tion, and save a few scattered phenocryst 
plagioclase they carry none but the t 
minerals mentioned. 

The rhyoUtes dip 15°-65° W., aver^ 
about 45° W., and they trend nearly par 
to the range. Their attitude is readily d( 
minable, as thin well-bedded volcanic grits 
interstratified with them from place to p] 
A thin layer of such grits, containing consi 
able sihcified wood, occurs 1,800 feet above 
base of the rhyoUtes in the section wes 
Mason, and a belt of grits, 430 feet thick, oc 
at the top of the section, near the Blues 
mine. The upper belt contains a conglomei 
bed 30 feet thick made up of a great variel 
pebbles, including quartz and andesite, w 
range from angular to well rounded, 
thickness of the rhyoUto series, includiag 
upper belt of grits, is about 4,000 feet. 

Besides the grits mentioned, some thin le 
of coarse conglomerate, indicative of str 
washes, are intercalated in the rhyoUtes. 
of the more notable of these occurs at al 



26 



GEOLOGY AND OBE DEPOSITS OP YEBINGTON DISTRICT, NEV. 



the horizon of the lower grit ; it consists of well- 
rounded cobbles and boulders 6 feet in maxi- 
mum diameter. The boulders comprise andes- 
ite, quartzite (or felsite?), and granite. Much 
rhyoUte occurs between the boulders, but this 
is in angular fragments. These features clearly 
indicate the filling of a stream channel, in 
which the fragments that have been carried 
some distance from their sources, as is obvi- 
ously true of the andesite, granite, and quartz- 
ite, are well rounded, whereas the material of 
local derivation is likely to be angular. 

A conspicuous member of the rhyolite series 
is the tuflf that forms the ridge just west of the 
Mason Valley mine. It is made up of frag- 
ments of rhyohte and crystals of quartz, sani- 
dine, and sporadic biotite in a dense matrix 
which the microscope shows is composed largely 
of glass sherds. The structure is typically 
vitroclastic, as defined by Pirsson. 

ANDESrrE BBEOOIA. 

A coarse andesite breccia overlies the rhyo- 
lites conformably near the Bluestone mine. 
Above the grits near the top of the rhyolite 
series is a white rhyolite tuff overlain by a 
biotite andesite tuff. The andesite tuff is a 
light-gray rock containing numerous dark por- 
phyri tic fragments (probably andesite), angular 
crystals of plagioclase Gabradorite), and bio- 
tite flakes, commonly in unbroken hexagonal 
crj'stals. The matrix proves under the micro- 
scope to be composed of finely comminuted 
glass sherds. Like other vitroclastic rocks in 
the district, it is firmly lithified. 

The coarse andesite breccia, comprising frag- 
ments as much as several feet in diameter, 
rests above the biotite andesite tuff. It makes 
up the main part of the formation, which at- 
tains a thickness of 1,400 feet. The formation 
occurs only in a small area between the Mason 
Valley and Bluestone mines; originally it was 
doubtless somewhat thicker, as its upper hmit 
is the strong fault that has brought the Ter- 
tiary rocks down against the Triassic. Lo- 
cally, however, some rhyolite overhes it, but 
as shown in the lower tunnel of the Bluestone 
mine, 130 feet from the j)orttil, this contact is 
higlily sheared and slickensided, so that the 
relation of the overlying rhyohte to the andes- 
ite breccia is obscure. 

Tlie andesite of the breccia is a gray highly 
porphyritic variety, the phenocrysts forming 



half its bulk. Hornblende in stout prisms is 
the most conspicuous component to the unaided 
eye, but imder the microscope the feldspar 
Gabradorite) is seen to dominate strongly. The 
groundmass is glassy and contains innumerable 
minute crystals of feldspar. Biotite occurs 
sparingly together with the hornblende in 
some of the andesite. 

HORNBLENDE ANDESITE. 

A succession of andesite flows rests in places 
on the eroded edges of the rhyolites. These flows 
dip 25° E., whereas the underlying rhyolites dip 
45** W. They are probably best exposed on 
the east scarp of the 5,995-foot hill northeast 
of Ludwig; the section here consists of a basal 
breccia, about 100 feet thick, overlain by five 
thin sheets of columnar lava. On the south- 
west side of the 6,100-foot peak the basal brec- 
cia is underlain by a thin conglomerate, as 
shown by the occurrence of well-rounded cob- 
bles. The thickness of the andesite series 
appears not to exceed 300 feet. 

A distinctive andesite predominates. It is 
a gray lava characterized by numerous slender 
prisms of hornblende in roughly parallel orien- 
tation and averaging 0.2 inch in length. It 
carries no feldspar phenocrysts. Under the 
microscope the hornblende phenocrysts are 
seen to be embedded in a holocrystaUine 
fluidal groundmass composed largely of feldspar 
prisms near Abg^yAn^o in composition, together 
with subordinate augite and accessory mag- 
netite and apatite. This rock may be termed 
a hornblende andesite, to distinguish it from 
other andesites in the district, though that 
term is commonly given to andesites carrying 
both plagioclase and hornblende phenocrysts. 

The hornblende andesite occurs as dikes in 
many of the rocks of the district. It cuts the 
quartz monzonite porphyry near Yerington 
station, is intruded along a fault separating 
quartz monzonite from hmestone in the 
McConnell mine, and is fairlv common as 
thick dikes cuttinj? the rhvohtes. 

CONGLOMERATE. 

The next yoimgor member of the Tertiary 
sequence is a mass of loosely cemented gravel 
or conglomerate, represented chiefly by the 
deposits occurring beneath the biisalt-capped 
mesas southwest of Mason. They comprise 
a wide variety of rocks, uieluding much rhyohte, 
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and are subangular and poorly sorted. Their 
greatest thickness is 300 feet. 

A body of similar material occurs east of 
the Mason Pass road, not far from the Martha 
Washington prospect. It is composed largely 
of subangular fragments of different varieties 
of andesite; granitic rocks are fairly conmion, 
but rhyoUte is scarce. Boulders as much as 
several feet in diameter occur in it. Prospect 
pits show it to be unshingled, unsorted, and 
unstratified. 

BASALT. 

Basalt is the youngest igneous rock in the 
district. It caps the high mesas in the southern 
part of the area mapped and is generally imder- 
lain by gravels. It forms a superposed succes- 
sion of nearly horizontal flows, which aggregate 
200 feet in thickness. It has been sUghtly 
tilted since it was erupted and has been much 
faulted; in fact, the present reUef of the range 
has resulted lai^ely from postbasaltic faulting. 

The basalt is a dark rock showing to the 
unaided eye sporadic small phenocrysts of 
pyroxene only. Microscopically it proves to 
be composed essentially of calcic labradorite 
and augite. The labradorite predominates; 
the larger crystals are euhedral, but as there 
is a continuous gradation between these and. 
the smallest the structure approaches the 
seriate porphyritic. The augite is in two 
generations, the earUer crystals as phenocrystS; 
about the size of the largest feldspars, and the 
later as small prisms and grains lying inter- 
stitially between the smaller f eldpsars. Ohvine 
occurs sporadically in small grains, but most 
of it has altered to iddingsite. Magnetite is 
a minor accessory mineral. 

COBBELATION OF THE TEBTIABY BOCKS. 

The andesitic detritus in the fluvial con- 
glomerate at the base of the local Tertiary sec- 
tion shows that the eruption of the volcanic 
rocks now occmring in the Yerington district- 
had been preceded in earlier Tertiary time- by 
the eruption of an andesitic series. 

The rhyohtes, including the underlying 
quartz latites and the glass flow» and the con- 
formably overlying andesite breccia, probably 
correspond in age to the Bsmeralda formation, 
which consists of lacustral beds, tuffs, and in- 
tercalated terrestrial deposits. They appear 
to represent a phase of the Esmeralda forma- 



tion that accumiJated in an area where 
canic aggradation predominated. The 
of the E^smeralda formation has recently 
shown by Merriam * to be approximi 
upper Miocene. The correlation propose 
su^ested (1) by the similarity of stratigra 
relations: the rhyolites are younger tha 
preexisting andesite series, as is true of 
Esmeralda formation, which overhes im 
f ormably a series of andesitic lavas and is i 
imconformably overlain by later lavas; ^ 
by a certain amount of lithologic resembla 
much rhyolite tuff and andesite (latite) 
occur in the Esmeralda; ^ (3) by the fact 
the degree of tilting and amomit of f aultin 
the two formations are of the same order; 
(4) by the paleontologic evidence. 

No fossils were found in the rhyolitic s( 
during the present examination, but s 
fragments of vertebrate bones had been obta 
by Smith * 10 mUes east of Yerington, in r< 
that he regarded as belonging to the s 
formation. The fossils were originally 
ported on by W. J. Sinclair,^ who pronom 
them to be ^'probably late Miocene or I 
cene.*' Since this determination was n 
knowledge of the Great Basin faunas has 
creased greatly, and it seemed desirable tc 
view the evidence in the light of the new 
formation. Prof. J. C. Merriam has kij 
reexamined the original colloctioii and rep 
as follows: • 

The collection coofiists of a few fragments and 
greater part of an ankle bone. The fragments are 
terminable. The ankle bone represents a laigo a 
which seems to me to be specifically different fron 
large species represented by an ankle bone from 
Cedar Mountain or Esmeralda beds. One could 
safely state more than that the formation from v 
these bones came is somewhere between middle Mi( 
and middle Pliocene. 

QXTATEBNABT DEPOSrrS. 

The Quaternary deposits consist of gn 
sand, and silt. The gravel is angular 
unsorted and occurs in a series of alh 



illerriaiii, J. C, Tertiary vertebrate fauna from the Cedar Mo 
region of western Nevada: California Univ. Dopt. Ecology Bull., 
pp. 165-172, 1916. 

• Buwalda, J. P., Tertiary mammal beds of Stewart and lone 
in west-oentral Nevada: California Univ. I>cpt. Geology Bull., 
p. 348, 1914. 

» Turner, II. W., Contribution to the geology of the Silver Pi^aV 
nmgle, Nevada: Geol. Soc. America Bull., vol. 20, pp. 2,34-255, 25 
« Smith, D. T., California Univ. Dept. Geology Bull., vol. 4, p. 

* Idem, p. 10. 
•Letter of Nov. 9, 1916. 
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cones along both flanks of the range; laterally 
it grades into the silts of the valley bottoms. 
Thick deposits of clean sand of obscure origin 
occur toward the heads of some of the can- 
yons, notably in Sand Canyon, where sand is 
present up to altitudes of 5,600 feet. These 
deposits are now deeply dissected. 

No Lahontan beach lines occur in the dis- 
trict. The elevation of the Lahontan beach 
around Walker Lake, as determined from the 
position shown on Plate XV of Russell's 
monograph^ and from the altitudes in the 
Hawthorne quadrangle, is approximately 4,250 
feet, which is somewhat lower than Russell's 
own estimate — 4,378 feet.* As the lowest 
altitude in the mapped area of the Yerington 
district is 4,350 feet, the absence of strand 
lines conforms with the probabilities. 

GEOLOOIC STSXTCTUSE. 

The geologic structure of the district is 
rather intricate in detail. This is especially 
true of the area underlain by the Triassic hme- 
stones and associated rocks — the area that is 
of main economic interest. The Triassic con- 
sists of steeply tilted rocks, greatly faulted, 
extraordinarily metamorphosed, and intruded 
by numerous igneous rocks. Upon the eroded 
surface of these older rocks rests a series of 
Tertiary rocks, dominantly of volcanic origin. 
These are of broadly simple structure, though 
examination soon discloses that they conceal 
a rather eventful tectonic history. (See Pis. 

I and III.) 

Three periods of faulting at least can be 
recognized — one accompanying the intrusion of 
the Cretaceous igneous rocks, and two in the 
Tertiary; of these the last is postbasaltic. 

The earliest faulting that can be dated ap- 
proximately is that which occurred soon after 
the intrusion of the quartz monzonite porphyry 
dikes, though it is probable that some faulting 
accompanied the intrusion of the granodiorite 
and quartz monzonite. Many of the dikes are 
broken by faults, and along some of these 
faults contact-metamorphic silicates have 
formed, as is well shown, for example, near the 
boarding house at the Malachite mine, where 
masses 20 feet wide composed of garnet, epi- 
dote, and lamellar pyroxene occur along the 

1 Russell, I. C, Gcolc^cal history of Lake Lahontan: U. S. Oool. 
Survey Mon. 11, 1885. 
'Idem, p. 101. 



fault contact between Umestoue and felsite. 
The silicates replace both limestone and f elsite 
but mainly the limestone. Contact-metamor- 
phic silicates occur along other faults, many of 
which were first recognized during the field 
work by the fact that the porphyry dikes abut 
against them. It is noteworthy that the ends 
of some of the dikes abutting upon the faults 
have been profoundly epidotized or gametized. 
Copper-bearing minerals occur in some of the 
belts of silicates along the faults, and such 
faults were thus places of ore deposition; but 
this phase of the matter is discussed in more 
detail elsewhere in this report. The develop- 
ment of garnet and allied silicates, minerals 
that form only at relatively high temperatures, 
proves, then, that these faults were formed 
shortly after the injection of the dikes that they 
displace. 

The displacement can rarely be deteimined, 
as the severed ends of the dikes on opposite 
sides of the faults as a rule can not be found. 
This would appear to indicate that the faults 
are generally of considerable magnitude. 
Some, in fact, clearly represent laiige displace- 
ments, inasmuch as rocks widely separated 
stratigraphically have been brought into con- 
tact, as near the Western Nevada mine, where 
andesite has been brought against massive 
limestone. 

During the Tertiary period faulting occurred 
on a large scale, certainly at two different times 
and probably at three different times. The 
earhest faulting coincided with the tilting of the 
rhyolites. It was during this deformation 
that the rhyoUtes were faulted down against 
the pre-Tertiary rocks. As shown by the 
structure sections in Plate III, these faults in- 
volve vertical displacements of 5,000 to 10,000 
feet; but owing to the lack of close, detailed 
study of the rhyolite area north of Mickey Pass 
it can not be alOBrmed that displacements of 
this total magnitude were effected along single 
fault surfaces. One of the most prominent 
faults of this set is well shown at the Mason Val- 
ley and Bluestone mines, and it is cut by the 
lowennost tunnel of the Bluestone mine, where 
it dips 76^ E.« Its throw is undoubtedly sev- 
eral thousand feet. The faults of this age 
strike not only parallel to the range but also at 
right angles to its trend; they dip from 25° to 
75^ 
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' Hie fault that separates the graaodiorite 

1 tlie gametites at the Bluestone mine and 

ntinufls to the Weetem Nevada, where it 

rates the quartz monzonite from the meta- 

Orphic hmestones, probably was formed at 

I about this time. It is certainly younger than 

I ibe faults that displace the porphyry dikes, as 

fit cuta off these faults. 

Eating occurred also after the extrusion of 
t'the hornblende andesite. A small mass of 
K4Bideute along the west flank of the range north 
f Ludwig has been faulted against the rhyo- 
lites; at one place the fault surface forms a 
cUff'face, 15 feet high and 50 feet long, trending 
K. 85° E. and dipping 75" W. (See PI. Ill, sec- 
1 B-B'.) Th^ displacement may mark a 
rate epoch of faulting but may possibly 
ade with that dis- 
1 in the next para- 
nph. 

' Severe faulting took 
after the basalts 
B erupted. The pres- 
b relief of the portion 
Uie range south of "" 

a is rather obviously 

B to postbasaltic fault- 

The basalt that caps 

B range is broken by a 

B of step faults fona- 

f a succession of treads; 

base of the lowermost, 
b south of Sand Can- ^^°^ <.-fl«<*i™ throueh 

9 at an altitude of 

I feet, the base of the middle tread at 
{iet, and the base of the highest at 5,800 

i Canyon is a rift valley resulting from 

I downfauHing of a block between two 

il faults trending at right angles to those 

b have determined the front of the range. 

B faulta are about 1,000 feet apart, and the 

lying' between them are extremely 

iated. 

r ^though the postbasaltic faults are maiiily 
1 faults, such as those along the front 
f flie range south of Sand Canyon, just dc- 
>d, reverse faulting has occurred to some 
nt. This is best shown near the McCon- 

1 mine, and the fault plane itself is well ex- 
, in the upper tunnel (fig. 4). It is 
"/ defined, dipping 54° W.; the basalt, 

II forms the f ootwall, is considerably shat- 



tered near the fault plane, and the o\ 
limestone is highly brecciated for mo: 
20 feet from the fault plane. The min 
ings disclose that the dip slip is at le 
feet. 



The oldest geologic records of the 
date back to the Triassic period. At tl 
4,000 feet of andesitic and dacitic lava 
cias, and tuffs were erupted, which W( 
ceeded by a peculiar series of soda-ricl 
lavas and tuffs. Marine conditions th 
vailed, and limestones mainly were lait 
interrupted, however, by occasional er 
of felsite. At one time during the Ti 



tbe glory-bolg tunnel ol 



« HcComell mins. 



bed of gypsum, as much as 450 feet thi 
deposited. 

These rocks were folded, probably in 
ginning of Cretaceous time, and were in 
probably early in the Cretaceous, b 
masses of granodiorite and quartz moi 
These intrusions were followed by otht 
brought in minor amounts of aplite a 
' siderable amounts of quartz monzoni 
I phyrj'. Faulting occurred during ai 
I mediately after this epocli of intrusii 
I as a sequel to the intrusive activity 
' bodies were formed. 
' A long period of erosion then ensued, 
I which the Triassic rocks were in places ■ 
I removed and the granitic rocks were la 
I over wide areas. Volcanic eruptions fc 
I probably in the later part of the Mioce 
I buried the fluvial deposits that had a 
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lated on the surface eroded upon the older 
rocks, llie rehef of this surface on which the 
Tertiary rocks accumulated appears to have 
been moderate, though on account of the 
small oxposuns and the profound faulting to 
which the rocks of the region have lH»en sul>- 
jected this conclusion is not firmly established. 
At an V rate, the streams that ilowed on this sur- 
fa^'o appear to have been powerful, as is indi- 
catinl by the well-roivided boulders, 6 feet in 
diameter, oc.<*urring in tlieir gravels. 

The voh'ani<' a<'tivity began with the effusion 
of a distinctive flow of bhick ghiss, a latite 
vitrophyrc; this How was succeeded l)y quartz 
latites, which are especially characterized by 
tlieir columnar structure; and upon these were 
piled about 4,000 feet of rhyolites and 1,400 
feet of andc^ite breccia. From time to time 
during the general period of eruptive activity 
fluvial and buMistral conditions prevailed; the 
mt)st noteworthy of these interruptions led to 
the ileposition of 430 feet of lake beds, which 
iK'cur at the top of the rhyoht<>s and underlie 
the andesite breccia. Tliis succession of n)cks, 
iH^ginning with the vitrophyre at the base of 
the section and including the andesite breccia at 
the top, appears to correspond to the Esmeralda 
formation, which is now beUeved to be of late 
Mio<'eiie age. 



After the deposition of these rocks a period 
of pronounced diastrophism set in, the most 
vigorous in this part of Nevada during Ter- 
tiary time. The rhyolites were tilted at angles 
! of 25^ to 65® and were greatly faulted, the rocks 
' being disf^laced stratigraphically to the extent 
of thousands of ft^t. Erosion ensued, and sub- 
se<iuently andesites were erupted, now resting 
at low angles upon the worn edges of the rhyo- 
lites. This eruptive outburst was extremely 
moderate and is represented by only a few 
hundred feet of lava. 

After the andesitic extrusicm erosion again 
began. Kather extensive deposits of graveb 
ac/cunmlatetl, in places as miich as 300 feet 
thick; their unsorted, subangular character 
suggests that they are of fanglomerate origin. 
Eruptive fon-es, the fmal manifestation of 
volcanism in the district, once more became 
active, and a series of basalt flows was poured 
out. The basalts, although nearly horizontal, 
have been considerably faulted, and this period 
of vigorous diastrophism is held to mark the 
beginning of Quaternary time. The faulting 
that took place at tliat time blocked out the 
Singatse Range largely as we see it now. 
Since this faulting the deep canyons opening 
out upon Mason Valley have been excavated, 
and the material thus derived has built up a 
series of alluvial cones fronting the range. 



Part II. THE ORE BODIES. 



QBKSSAL FEATUBES. 

The main ore bodies of the Yerington district 
are copper-bearing deposits characterized by a 
gangue of either pyroxene, garnet, or epidote 
or a mixture of these minerals. Chalcopyrite 
is the chief copper-bearing mineral; pyrite is 
commonly associated with it, but no other 
primary sulphides occur in the district. 

The deposits belong to the contact-metamor- 
phic group. The primary ore is essentially un- 
enriched by later sidphides, for supergene 
covellite and chalcocite, although occurring 
locally, are as a rule not abundant. 

Ore bodies of this kind have yielded the 
bulk of the metal output. The average tenor 
of the ore mined has ranged from 2.75 to 6 per 
cent of copper, with gold and silver present in 
traces only. Among the representatives of 
this group are the ore bodies of the Bluestone, 
Mason Valley, Ludwig, Douglas Hill, Casting 
Copper, and McConnell mines. 

Other types of the copper deposits are spar- 
ingly represented in the district and as a whole 
are of minor economic importance. They are 
exemplified by the irregular bodies of rich 
cuprite ore in quartz monzonite porphyry at 
the Empire-Nevada mine and by the figure 
veins in quartz monzonite and quartz monzo- 
nite porphyry. 

MINSBALS OF THE ORE DEPOSITS. 
PBOCABT MIKERALS. 

Actinolite. — ^A finely fibrous amphibole is 
conunon in s^ome of the ore bodies, notably in 
that of the Mason Valley and to a lesser extent 
the McConaell and Western Nevada mines. 
Under the microscope it is pale green and 
feebly pleochroic, and it is therefore identified 
as actinolite. In some of the ore of the Mason 
Valley mine pyrite is molded aroxmd fibers of 
tremolite, or the tremolite ''cuts'' the pyrite; 
which of these two explanations is the correct 
one it is impossible to decide, though the 
former appears the more probable. 

AOnU, — Albite was detected microscopically 
as a minor component of some of the gangue in 
the Bluestone mine, where it occurs together 



with pyroxene, garnet, epidote, calcite, pyrite, 
tremoUte, and apatite. 

Andradite, — ^The garnet associated with the 
ores proves invariably to be an andradite. It 
varies widely in color, from pale amber to 
amber-brown, grayish green, and resin-yellow. 
Crystals of very different shades occur close 
together in the same hand specimens, and con- 
formably with what Goldschmidt found in the 
Christiania district, color proves not to be a 
reliable index as to whether the garnet is gross- 
ularite or andradite. The garnets as a rule are 
partly faceted, the dodecahedral habit being 
almost universal, but trapezohedral faces are 
occasionally to be found. 

To determine approximately the composition 
of the garnets, niunerous specimens were ex- 
amined by the immersion method; they were 
found to have refractive indices ranging from 
1.83 to 1.87. Those of index 1.86 predominate, 
corresponding to a garnet in the grossularite- 
andradite series containing about 80 per cent 
of the andradite molecule. Under the micro- 
scope the garnets are commonly foimd to show 
a wide range of optical anomalies. The garnets 
may either be divided into six birefringent 
sectors or the narrow outer zones may be 
birefringent, which is pi'obably the most com- 
mon type, or they may show a highly complex 
structure. The maximiun birefringence is 0.009. 

The garnet rock of the Casting Copper mine 
consists largely of resin-yellow garnet. Under 
the microscope the deep-yellow garnet, whose 
refractive index is 1.86, is foimd to be com- 
pletely isotropic. A paler garnet, whose index 
is 1.83, is also present, in part peripheral to the 
deeper-colored garnet and in part interstitial. 
It is complexly built, is strongly birefringent, 
and in places has a well-marked parting. 
Accessory minerals are calcite, quartz, chlorite, 
apparently primary, magnetite, and apatite. 

Apatite, — ^Apatite is an accessory mineral in 
all the contact-metamorphic ores. It occurs as 
small euhedral prisms embedded in the silicates 
and in the quartz. It is more abundant at the 
Bluestone mine than elsewhere in the district. 

BiotUe. — ^An extremely close grained black 
rock occurring in the footwall of the Mason 
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Valley mine proved to be a felsite tiiflf whose 
clastic structure has been veiled by the meta- 
somatic development of finely flaky biotite. 

Calciie. — Calcite is common as in intersti- 
tial filling in the contact-metamorphic ores. 
The garnet, pyroxene, and allied silicates, as 
W(dl as the quartz and albite, are invariably 
idiomorphic against it. 

f/halcopyrite. — Chalcopyrite is the sole pri- 
mary copper-bearing mineral foimd in the 
Yerington district and as such is the ultimate 
source of all the copper in the primary, oxidized, 
and enriched ores that are mined in the district. 
The chalcop3nte that is inclosed in an andra- 
dite gangue alters commonly during oxidation 
dircictly to copper pitch ore. In ore enriched 
by supergene siilphides chalcopyrite has altered 
U) covellite or chalcocite, while the associated 
pyrite has remained intact. 

OhhrUe. — Chlorite has been noted as a minor 
constituent of the ores of the McConneU and 
Wratem Nevada mines. 

Epidote. — ^The silicate epidote occurs most 
abundantly at the Bluestone imne, where it 
forms the larger part of the gangue. It has 
originated thete principally through replace- 
nu^nt of garnet and pyroxene rocks formed dur- 
ing tlie epoch of metamorphism following the 
quartz monzonite intrusion. Epidote is also 
a minor constituent in the pyroxenic and gar- 
mjtiferous ores of the district, in which it is 
coeval with the other silicates. The intense 
ploochroism and high refractive indices indicate 
that the epidote in these deposits is a variety 
high in ferric iron. 

Oamet. — Garnet is extremely common. Two 
varieties may be distinguished — a fine-grained 
massive variety commonly near grossularite in 
(xjmposition and a coarse-grained variety com- 
monly showing crystalline facets and near an- 
dradite in composition; the latter is the variety 
associated with the ores, as described in pre- 
ceding paragraphs. 

HematUe. — t^inely micaceous hematite is 
associated with the chalcopyrite in the Mon- 
tana- Yerington vein. 

Magnetiie. — ^Magnetite is a rare constituent 
of the Yerington ores and as a rule is detected 
only with the microscope. 

Pyroxene. — Garnet and pyroxene are the 
chief gangue minerals of the contact-meta- 
morphic ore. The relative proportions of the 
two vary widely, however, in different deposits; 



in the Mason Valley ore body the gangue is 
principally pyroxene, and in tlie Douglas TTiH 
ore body it is almost wholly andradite. The 
pyroxene is a grayish-green variety of lamellar 
habit. It is coarsely crystalline and commonly 
forms radial groups 2 or 3 inches in diameter, 
though some as much as 10 inches across are 
occasionally foimd. 

A carefully selected specimen of pyroxene 
from the 300-foot level of the Mason Valley 
mine was analyzed by R. C. Wells in the labora- 
tory of the Greological Survey. Microscopic 
examination showed it to contain a small 
amount of calcite and a trace of pyrite. Calcu- 
lation of the analysis discloses that the P3nx)x- 
ene is a variety almost exactly halfway inter- 
mediate in composition between diopside and 
hedenborgite. Its extuiction angle is 45^ and 
its maximum refractive index as determiued by 
the immersion method is 1.71. 

Analysis of pyroxene from the Mason Valley mine, 

[R. C. Wells, analyst.] 

SiOa 50.69 

AI3O, 11 

FejO, 1.18 

FeO 13.06 

MgO 9.19 

CaO 23. OS 

NaaO 16 

K2O 16 

H2O - 71 

H2O+ 68 

TiOj 13 

ZrOj 02 

COj... 1.62 

P2O5 Trace. 

S .02 

Cr203 None. 

VaOa Trace. 

MnO 26 

BaO None. 



100.70 

Compatad compoaitloii of material analysed. 

Diopside (Ca^fgSi206) 44.73 

Hedenborgite (CaFeSijOo) 45. 74 

Alkali pyroxenes: 

K20.Al203.4Si02 44 

K20.Fe203.4Si02 50 

Na20.Al203.4Si02 93 

MgO.Fe2Os.SiO2 1. 04 

Calcite 3. 50 

Quartz 2.04 

Titanite .40 

Pyrite 04 

99.36 
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ite. — Pyrite and chalcopyrite are the 
two primary sulphides in the district, 
relative proportions vary widely in dif- 
deposits: In the Mason Valley mine, for 
Ae, the pyrite averages about twice the 
pyrite in amount, but in the Douglas 
line it occurs in not more than traces. 
rtz. — Quartz occurs from place to place 
ninor constituent of the contact-meta- 
ic ores. It incloses idiomorphic garnet, 
3ne, epidote, and apatite. 
rmdline. — Tourmaline is an accessory 
etic mineral in the biotitized felsite tuff 
ing in the footwall of the Mason Valley 
dy. 

on. — ^Zircon is f oimd as a residual mineral 
silicified, gametized, and pyritized dikes 
urtz monzonite porphyry that occur in 
of the ore bodies, notably the Ladwig 

SEOONDABY lONERALS. 

rite. — ^The blue copper carbonate azu- 
xmrs rarely in the oxidized ores of the 
t. 

^JianiiU. — ^Brochantite, the basic gul- 
of copper, occurs as small glassy emerald- 
prisms in vugs in the oxidized ore of the 
as Hill mine. 

IcantkUe, — Chalcanthite, or bluestone, as 
enerally known in the district, formerly 
ed in minable quantities in the out- 
of most of the ore bodies. It is still 
on in the outcrops at the Bluestone 
where it forms networks of veinlets 
3ing oxidized gypsiferous material. The 
:s have a cross fibrous structure. 
Icedon/y. — Chalcedony occurs in small 
ty in the siliceous gossan of the Ludwig 

Icocite. — ^As a supergene sulphide chal- 

is found in small quantity in the dis- 

It has formed almost wholly at the 

le of chalcopyrite and is generally asso- 

with gypsum. In polished sections it 

i to be a porous blue variety. Rogers ^ 

resented a photomicrograph of a pol- 

section showing chalcopyrite from the 

g mine partly altered to chalcocite. 

fSOCoUa. — The term chrysocoUa is here 

to designate the bluish-green opal-hke 

nee that occurs in the oxidized ores of 



logers, A. F., Min. and Sci. Press, vol. 109, p. 683, 1914. 
38330°— 18 3 



the district — a hydrous copper sihcate, evi- 
dently of colloidal origin. Under the micro- 
scope it is found that probably several dif- 
ferent minerals are grouped under the term 
'' chrysocoUa'' and that the original colloid has 
generally become crystalline. Some chryso- 
coUa from the Dou^bai^.HUl mine proves to 
be a cryptocrystalline aggregate having a 
refractive index of 1.47 and a barely percep- 
tible birefringence. Other chrysocoUa, how- 
ever, forms brightly birefringent spherulites, 
whose fibers are elongated opticaUy positively 
and whose indices are both below 1.54. The 
copper pitch ore, which is regarded as of col- 
loidal origin like the chrysocoUa, except that 
ferric hydrate was precipitated along with 
the copper and silicon hydrates, is an iso- 
tropic substance; in this respect the relation 
betwe^i chrysocoUa and copper pitch ore 
resembles that between chalcedony and ferrif- 
erous opals, in that the entangled ferric com- 
pound has prevented the crystalUzation of the 
coUoid.' 

Under high powers of the microscope the 
chrysocoUa, especiaUy that occurring in em- 
bayments in andradite, shows a brecciated 
structure, consisting of multitudes of ciu-ved 
fragments, which have evidently resulted from 
the bursting of coUoidal membranes by osmotic 
forces.' 

Copper, — ^Native copper occurs sparingly in 
the oxidized ores of the district. In the 
Ludwig mine it is intimately associated with 
cuprite in ore from the 600-foot to the 800-foot 
levels. 

Copper pitch ore. — ^A brown or brownish-red 
substance of pitchy luster and conchoidal 
fracture is conunon in the oxidized ores of the 
district. It is locaUy spoken of as '* copper 
oxide'' but is perhaps better termed copper 
pitch ore, a substance which Von KobeU long 
ago showed is a mixture of chrysocoUa and 
hmonite. Mixtures of cupric and ferric hy- 
droxides are also included mider this term. 
According to present conceptions copper pitch 
ore is doubtless a coUoidal complex of hydroxides 
of copper, iron, and siUcon and is of variable 
composition. Copper pitch ore from the 
Greenwood prospect reacts strongly for copper 

> Liesegang, R. E., Oeologischo Diflusionen, p. 100, 1913. 

' Liesegang, U. E., Ein Membrantriimmer-Achat: Centralbl. Mineral- 
Qgie, 1912, pp. 65-67. Knopf, Adolph, Wood tin In the Tertiary rhyolites 
of northern Nevada: Eoon. Geology, vol. 11, pp. 657-661, 1916. 
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snd iron; examined in oib it proves to be a 
completely isotropic substance having a refrac- 
tive index of 1.68. It is a clear deep brown, 
bat it is so strongly colored that only the 
minutest particles and the edges of the larger 
grains are translucent. 

CctveUUe. — Covellite is common, though not 
abundant, as a supergene sulphide which has 
been precipitated largely at the expense of the 
original chalcopyrite in the ore. It has 
developed in part parallel to what is probably 
the pyramidal cleavage of chalcopyrite. Under 
high powers of the metallographic microscope 
the plates of covellite are seen to have exceed- 
ingly irregular edges. 

Cuj/rUe, — Cuprite is most abmidant in the 
ore of the Empire-Nevada mine, forming small 
maHses in fractured quartz monzonite por- 
phyry. It is disseminated through the veins 
and bodies of copper pitch ore of the Ludwig 
mine, which are inclosed in the limestone 
footwall of the lode. It extends down in this 
mine to the lowest level at a vertical depth of 
675 feet. 

Gypsum. — Gypsum is extremely common in 
tlio oxidized ores, occurring not only in veinlets 
but also in plates thoroughly disseminated 
through the ores. During the replacement of 
calcite by chrysocoUa the calcite near the 
axlvancing chrysocoUa becomes filled with 
plates of gypsum, as is well shown at the 
Ludwig mine, but the chrysocolja itself is free 
from gypsum, showmg that the gypsum has 
but a transient existence in this process. 

The clear transparent variety of gypsum 
called selenite is common in the Ludwig mine ; 
it occurs down to the 600-foot level, where it 
forms in the vugs in the quartzose ore of the 
* selenite stope*' fine prisms as much as 8 
inches long. 

LabeiheniU. — Libethenite, a hydrous phos- 
phate of copper, was noted by Raiisome * to 
^^cur sporadically in the oxidized ore of the 
Ludwig mine in crystalline aggregates resem- 
bling malachite. Smith* had earlier discov- 
^^®d this mineral at the Blue Jay mine, east 
^f the town of Yeriiigton, and S<!liallcr' has 
^^scribed the crystals found. 

-^foiachite. — ^The copper carbonate malachite 
^^curs in all the oxidiz(?(l on^s in small amounts 

* ^^nsotne, F. L., \:. 8. (ieol. Survey Bull. 3«0, p. 113, 1909. 

• H^"'' n.T.,('4Ultonil»l-niv. I>ept. Geology Bull., vol. 4, p. 31, 1905. 
''^^i^ler, w. T., U. 8. G«ol. Survey Bull. 282, pp. 140-143, 1905. 



but is distinctly subordinate to the copper 
silicates, the chrysocoUa and the copper pitdi 

ore. 

Opal. — ^A small amount of opal was found 
microscopically to occur in the siliceous outcrop 
of the Ludwig lode. 



CONTACT-MXTAMOSPHIC OBX DXPOSTTO. 

GEOLOGIC ENVIRONMENT. 
C0MP08ITI0V OF THE &OOXB nrdJOSIVG TEM OH 

Dxposrrg. 

The principal copper deposits of the districti 
characterized by their pyroxene, gameti or 
epidote gangue, have, with one notable excep- 
tion, been formed by the replacement of lime- 
stones. The Bluestone ore body, the excep- | 
tion alluded to, consists essentially of chalco- 
pyrite in an epidote gangue and was produced 
by the replacement of brecciated gametite and 
allied silicate rocks. 

The limestone beds in which the ore bodies 
developed are shown in the following paragraphs 
to have been relatively pure calcite rocks. 
Their chemical composition is a matter of some 
theoretical interest. Lindgren and others have 
presented evidence to show that ore bodies ol ■ 
this type have commonly formed in limestones 
of extreme purity. Leith and Mead,* howev«r, 
consider the evidence thus adduced to be doubt- 
ful and inadequate, inasmuch as the specimens 
chosen for analysis represented only sin^ 
strata, and they emphasize the fact that to ob- 
tain evidence of conclusive value samples must 
be taken across the full width of the ore zones. 
Analyses of the limestone in the ore-bearing 
zone of the Mason Valley ndine of the Yerington 
district are available that in large measure meet 
Leith's requirement. The limestone was used 
as smelter flux and hence was carefully analyzed 
for lime and sihca but less qarefully for other 
constituents. A glory hole 200 feet long, 60 
feet wide, and 75 feet deep was opened up. 
The Umestone is mainly in beds ranging from 
5 to 10 feet in thickness but includes some 
thinly banded varieties. The beds strike north 
and dip 70° or more westward ; the longer axis 
of the glory hole is parallel to the strike of the 
strata. In column 1 of the subjoined table is 
given an average of seven analyses of limestone 
from the stope^ and in column 2 an average of 
four analyses of Umestone from the *' new stope" 

« Ldth, C. K., and Mead, W. J., Metamorphic geology, p. 148, 1915. 
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dtuated in the immediate hanging-woll comitry 
rock of the ore-bearing zone; from this stope 
limestone flux is now being obtained. The 
individual analyses do not vary widely from the 
average figures. 

Analyses of limestone from Mason Valley mine. 




CaO 

MgO 

SiO, 

AI2O3 

Fe,03 

CO, (theoretic) 



46.9 
2.3 
9.1 
4.0 
1.1 

39.4 



48.5 

.6 

5.7 

2 2 

2.3 

38.7 



102.8 



98.0 



In these analyses, according to the smelter 
manager, the lime and sihca were carefully 
determined, as these are the constituents 
of importance in calculating the furnace 
charge, and the determinations of the other 
oxides are of nominal value only. The defec- 
tive smnmations of the analyses are doubtless 
due to this imperfect determination of the 
minor constituents. 

The analyses concur in showing that the 
limestones of the ore-bearing zone and of the 
hanging wall are relatively pure; they are 
slightly siliceous but are low in magnesia, 
alumina, and iron. 

Two specimens of hmestone obtained from 
the south end of the ore zone on the No. 3 
level of the Mason Valley mine were analyzed 
in the laboratory of the United States Geo- 
logical Survey. The great ore lens on the 
south end of this level extends obUquely 
across strata of limestone of different colors, 
ranging from hght bluish white to dark gray 
or black. These beds carry a few fibers of 
tremoUte and sporadic cubes of pyrite. The 
limestone represented by coliunn 1 of the sub- 
joined table, taken 20 feet from the edge of 
the ore body, is a dark-gray, almost black 
crystalline limestone; under the microscope 
it proves to consist preponderantly of calcite 
grains, with accessory tremohte and pyrite. 
The limestone represented by column 2, 
taken from rock immediately adjoining the 
solid andradite of the periphery of the ore 
body, is a light-gray, rather dense hmestone; 
imder the microscope it proves to consist 
essentially of calcite and a few scattered fibers 
of tremohte. 



Analyses of limestone from Mason Valley mine. 
[W. C. Wheeler, analyst.] 



MgO. 



SiO;, 

AI2O3 

FejOj (total).. 
CO2 (theoretic) 



52.12 

.84 

3.04 

1.39 

.64 

41.87 



99.90 



51.63 

3.17 

1.80 

.14 

.17 

44.02 



100.93 



These analyses show that the two specimens 
selected are somewhat purer than the average 
as found by the smelter determinations. The 
analjTses are of the same general purport, 
however, and confirm the statements made as 
to the essentiaUy nonmagnesian character of 
the limestone of the ore-bearing zone and their 
low content of sihca, alumina, and iron. 

The ore bodies at the other mines in the 
district have formed in coarse calcite rocks, 
which without doubt are of the same general 
character as the hmestones analyzed. 



RELATION OF THB 



ORS DEPOBrrS TO FAULTDra 
BRECCIATIGir. 



The ore deposits are situated on or near fault 
contacts. Commonly the faults separate dis- 
similar rocks, such as limestone from felsite, 
andesite, or stratified calc-sihcate rocks. That 
the faulting occurred before the ore bodies 
were formed is established by the following 
structural relations: (1) The faults displace 
the quartz monzonite porphyry dikes, and tjie 
severed ends of the dikes and the fault drag 
from the dikes have been metamorphosed by 
the ore-forming solutions: the brecciated quartz 
monzonite porphyry at the Bluestone ore body, 
which is an epidote-chalcopyrite deposit, is 
profoundly epidotized and pyritized; and the 
porphyry inclosed in the Ludwig lode is 
gametized, silicified, and pyritized. (2) The 
calc-sihcate rocks, such as the fine-grained 
grossularite rocks near the Douglas Hill mine, 
have been brecciated, and the shattered mass 
has been recemented by the coarsely granular 
andradite that was formed at the time the ore 
was deposited; at the Casting Copper mine a 
series of thin-bedded black gametites and al- 
Hed rocks abut at an angle of 45° upon a belt 
of crystalUne hmestone, the gametites were 
broken along the contact, and the angular 
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black f ragmenta are inclosed in the yellow an- 
dradito that forms the gangueof the ore body- 
These significant structural relations, pointing 
to the con8ideral>Ie faulting that intervened 
between the time of intrusion of the quartz 
monzonite and the deposition of the ores and 
proving the dependence of ore deposition on 
fissuring, will now he considere<l in some detail. 
The rohition of the ore deposits to faulting 
and brccciation is shown most strikingly at 
the Douglas Hill and Casting Copper mines; 
nor is elsewhere* shown so clearly the distinct- 
ness of the ore-forming mineralization as a 
separate event that took place after the meta- 
morpliism accompanying the intrusion of the 
quartz monzonite. The mineralogically com- 
plex series of calc-silicate rocks on the west 
flank of Douglas Hill luia been described; 
toward the top of the hill these rocks consist 
of exceedingly dense fine-grained gametites, 
composed almost wholly of a nearly pure grossu- 
larite, as shown by its index of 1.75. The sum- 
mit of the hill consists of an immense mass of 
andradite in which the ore occurs as irregular 
lenses. This great body of andradite resulted 
from the replacement of a massive limestone 
lying above the stratified series of aphanitic 
jametites. The footwall of the ore zone is a 
belt of remarkable breccia about 20 feet thick, 
rhis breccia is composed of sharply angular 
Vagments of the aphanitic gametites inclosed 
n a cementing matrix of coarse, euhedral yel- 
ow garnet. The index of this garnet proves 
A) be 1.87 and determines the garnet to be a 
learly pure andradite. The garnets of the 
wo. periods of metamorphism show, then, in 
his grossularitc hornfels cemented by andra- 
lite their maximal possible contrast. The 
tndradite cement carries a httle interstitial 
[uartz, apatite, and chalcopyrite. 

The d(»pend('nco of ore deposition on fissur- 
ng and tlio evidence of two distinct periods of 
;arnotization arc clearly shown at the Casting 
'oppcr mine, llio oro-hearing zone lies along 
ho fault contact of a stratified series of black 
;arnetitcs striking at an angle of 45° against 
aassi\'c limcstoiH*, as is showii in figure 12 
(). m). Tlic gannaites are dense, heavy fine- 
rained rocks. Under tin* microscope they an^ 
(•CM to l)c com|)o>c(l wholly of ganiet, which is 
joudcd with carhonaci^ous inclusions, a feature 
hat accounts f(;r tlieir black color. The mas- 



sive limestone has been solidly replaced by 
coarsely granular resin-yeUow andradite for 
over 400 feet along its contact with the strati- 
fied gametites. The gametites were shattered 
along the contact, and the angular fragments 
of dense black rocks that resulted therefrom 
are now outUned by the thin veinlets of 
euhedral yellow andradite that traverse the 
breccia. 

Some of the ore deposits, as the Blues tone. 
Mason Valley, and Western Nevada, are situ- 
SiUjid at the contact of the Triassic rocks with 
the quartz monzonite or the granodiorite. 
This contact, however, proves to be faulted; 
in fact, the granodiorite at the Mason Valley 
mine is a narrow fault wedge lying between 
the ore zone and Tertiary rhyolites to the 
north. The time of the faulting, except that 
it is later than the uitrusion of the quartz 
monzonite porphyry dikes, is unknown, as is 
also the amount of displacement. The other 
gametiferous ore deposits of the district are at 
some distance from the large intrusive bodies; 
that farthest distant — ^the Douglas HjII, which 
is characterized by its extraordinarily extensive 
mass of andradite — ^is 2,500 feet from the 
nearest surface exposure of quartz monnxute. 

The limestones adjoining the faults along 
which the ore-forming solutions rose were 
shattered, and there is some evidence that the 
shattering facihtated or governed the replace- 
ment of the limestone by the mineralizing solu- 
tions. In the Ludwig ore body, which is lode- 
hke in form, the limestone was extremely 
broken and cryshed by dynamic disturbance, 
forming breccias as much as 80 to 100 feet 
thick. The gametiferous quartz-pyrite ore, 
carrying coarse calcite as a minor component, 
forms a large low-grade shoot 50 to 100 feet 
wide. Toward the footwall side of the ore 
body, where it grades into unreplaced lime- 
stone and where the minerahzing activity 
was presumably less intense, tlie result of th© 
selective action of the solutions becomes ap- 
parent. Here the finely crushed limestOQO 
that formed the matrix of the larger angulax" 
fragments of the breccia was replaced by py— 
rite, and thus a limestone breccia cemented by 
p^Tite n^sulted. In the same way the brecci- 
atod condition of the quartz monzonite por- 
pliyry occurring in the Bluestone ore body has 
been strikingly emphasized by the selective 
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replacement of the moA finely crushed portion 
of the breccia. It was further emphasized by 
the fact that the sulphides form margins 
around the lai^r fragments of the breccia. 

The replacement of fractured and brecciated 
limestone by andradite and sulphides is recog- 
nizable along the periperhy of the large ore 
lens at the south end of the ore zone of the 
Uason Valley mine. The andradite and sul- 
phides have replaced a dark-gray fine-grained 
limestone; the junction between wholly re- 
placed and unreplaced limestone is sharp ; and 
the only change shown by the limestone is that 
where it adjoins the replaced rock it is bor- 
dered by a white band less than half an inch 
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and pressures from solutitms permeating the 
limestone by diffusion or through microscopic 
frit c turns. 

From the preceding discussion it appears 
that the chief ore deposits were localized by 
the ascent of the ore-forming solutions along 
fault fissures. The presence of limestone 
obviously appears to have favorably in- 
fluenced the precipitation of ore. The main 
ore bodies are in the limestone adjoining the 
faults, but concomitantly with the deposition 
of the ore large bodies of garnet and pyroxene 
were formed, which in amount greatly exceed 
the ore. To find the bodies of ore in this 
unprofitable envelope is one of the main 



vid^. The limestone has evidently been de- 
carbonized in this band, but its grain has not 
been coarsened. (See PI. IV, A.) At the 
UcConnell mine, also, there is some evidence 
that the replacement by the minerahzing solu- 
tions pn^essed along fractures. However, it 
is difficult to obtain proof in many of the 
deposits in this district, as in others, that re- 
placement by garnet, pyroxene, and allied sih- 
cates was governed by the fractured condition 
of the limestone in which they have developed. 
The conclusion to bo drawn from this general 
lack of positive evidence is probably that the 
replacement of limestone by garnet and allied 
silicates is commonly so thorough that it has 
obliterated the evidence of the preminoral 
fracturing. There has consequently been a 
general tendency to regard ore deposits of this 
kind as having originated at high temperatures 



problems of mining in the district. As a rule, 
not without important exceptions, however, 
the ore tends to occur in the mai^inal portion 
of the contact-siUcate rock where this borders 
the limestone. This tendency shows most 
clearly in the ore bodies of the Mason Valley 
(fig. 5) and Casting Copper mines. That ore ~ 
is most likely to occur on the Umestone side of 
the contact-metamorphic copper deposits at 
Mackay, Idaho, has been recognized by Um- 
pleby;' and in a later paper by the same 
writer ' this rule is shown to apply to a con- 
siderable number of other contact-metamorphic 
deposits. The YertDgton district broadly sup- 
ports the rule. 

1 Umpleby, J. It., Ths ^nMis Dl the llaekay coppw deposits, Idibo: 
Boon. OeolofT.vol.S.P- 321, IBU. 

> Umplcby, ]. B.. Ttw occuntDcc of ore on tbe limestone aide at einwt 
lonee; Calllmik ITdIt. Dept. Otciogj Boll., vol. 10, pp. IS-37, 
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FORM AND DIMENSIONS OF THE ORE DEPOSITS. 

The ore deposits that occur in fault zones 
tend to approximate lodes in form. This j 
tendency reaches its maximum in the Ludwig 
ore body, which is dimensionally a typical 
lode. As the deposits are the result of the re- 
placement of limestone by contact-silicates, 
however, they are likely to depart from the 
typical lode form from place to place because 
of irregular embayments and protuberances 
that extend into the adjoining limestone. 
Even where the lode form is well developed the 
copper coutent is as a rule distributed errati- 
cally through the garnet or pyroxene mass that 
makes up the main bulk of the lode. Conse- 
quently some of the lodes or deposits are better 
designated ore-bearing zones. 

The ore bodies are commonly small fractions 
of the masses of garnet-pyroxene rock. As 
already pointed out, the ore tends to occur on 
that aide of the garnet-pyroxene bodies which 
adjoins the limestone. On this side the ore 
generally gra<le8 abruptly into limestone; on 
the opposite side it grades into lean pyritifer- 
ouH garnet rock and from this into barren gar- 
net rock. Such masses of barren garnet rock, 
in |)liuM« as nmch as 200 feet thick, underUe 
the pnxluctive part of the ore zone in the 
MiiHon Vidlpy mine. The occurrence of the 
ore toward the liinestone side of the silicate 
irifiMHeH IK well shown in the Mason Valley mine 
(dg. r»), in the ('listing Copper mine, and in 
the Mr(!onnell mine (fig. 8). On the other 
hand, hmnm of ore are erratically distributed 
fJironghotit the great mass of andradite on 
DoijgliiM Hill (see fig. 11), and this distribu- 
1 ion iippeai-H not to he governed by any rule. 

The (»re \hhVwh of tlie district attain 800 feet 
in longih and KM) feet in width. These are 
niaxiinid diinennionH, and the average are much 
pmianer, owing to tlie lenticular habit of the 
individual hodies within the onvbearing zones. 
Am re|»reMnnl alive of the ilimensions of a large 
lenrt of goo<l-grade ore may be cittHl the prin- 
n|ial ore body of the (^anting (-opper mine, a 
liiiKn lenH r.M) feel long, 175 fwt high, and 20 

feel. wide. 

The ^rrealeHl vertiral depth attained in the 
dittlii'l i« <*7H feel, at which large bodies of 
low j^riide ore, carrying h^s than a per cent of 
ropper, have been developed. In general, 
however, exphuation in depth has been disap- 



pointing, and some of the deposits appear 
definitely to have been bottomed. Although 
most of the deposits attain their maximal 
dimensions of primary ore at or near the pres- 
ent surface, others have been found in depth 
to be much larger than was indicated by the 
surface exposures; of these the Mason VaUey is 
the most conspicuous illustration, showing at 
its state of development in 1914 the largest and 
most continuous bodies of primary ore at 
depths of 300 to 400 feet below the sur^ 
face. 

The known vertical range of cupriferous 
mineralization in the district is 950 feet. The 
two points that fix the measure of this range 
are the simmiit of Douglas Hill, whose altitude 
is 5,600^ feet, and the bottom level of the Lud- 
wig mine, whose altitude is 4,660 feet; they lie 
so close together that it is practically certain 
that this difference in altitude has not been 
changed by postmineral f aidting. TTie vertical 
range of 950 feet is, then, a minimal measure 
of the vertical distance through which the 
ore-forming solutions were able to deposit 
pyrite and chalcopyrite together with andra- 
dite and aUied silicates. 

Concerning the persistence in depth of sim- 
ilar deposits Lindgren ^ wrote in 1905: 

Although cases may be easily conceived in which the 
depoeits would continue in depth and length for eeveral 
thousand feet, it is far more common to find them irregular 
and spotted in their mineralization, so that while there is 
no genetic reason why they should not be continuous to 
the greatest depth attainable by mining they will as a 
matter of fact of ten give out when least expected. * * * 
Few mines on contact deposits have been worked at a 
greater depth than a few hundred feet. 

This still remains essentially true, except 
that mining in recent years has made known a 
few deposits of greater persistence . in depth 
than was known in 1905. The contact- 
metamorpliic copper deposits on Hetta Inlet, 
southeastern Alaska, have a known vertical 
range of 700 feet;' at Mackay, Idaho, the range 
is 900 feet ; ' and the Marble Bay deposit on 
Texada Island, at present the deepest worked 
contact-metamorphic ore body in the world, is 
worked at a depth of 1,160 feet, where good 
ore is exposed.* 

> Lindgren, WoMemar, Ore depositioa and deep mining: Eooo. 
Oeolog>', \'ol. 1, p. 37, 1906. 

« Knopf, Adolph, U. S. Geol. Survey Bull. 480, pp. 90, 101, 1911. 

• ITmpleby, J. H., Econ. Oeology, vol. 9, p. 313, 1914. 

« McConnell, R. (?., Texada Island, British Columbia: Canada GeoL 
Survey Mem. 5H, p. 48, 1914. 
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METAMOBPHISM BT THE ORE-FORMINO SOLU- 
TIONS. 

MIHXBAL TXAVSrORMATZOVB. 

The ore-fonning solutions in their asc^it 
traversed limestone, quartz monzonite por- 
phyry, f elsite, and the rocks formed during the 
first period of metamorphism, such as gametite 
and quartz-pyroxene homfels. They meta- 
morphosed the Umestone most profoundly and 
extensively, but they also metamorphosed 
strikingly the other kinds of rocks, causing new 
minerals to grow in them similar to those 
developed in the Umestones. 

The limestones have been replaced mainly 
by garnet, pyroxene, and sulphides. The 
garnet is invariably a calcium-iron variety near 
the andradite end of the grossularite-andra- 
dite series. Some of the andradite, notably 
that in the Casting C!opper mine, is of pro- 
noimced zonal structure, and quantitative ex- 
amination shows that the peripheral zone of 
such garnet is somewhat nearer grosstdarite in 
composition than the core is, a feature possibly 
indicating that the ore-forming solutions 
changed slightly during the course of ore depo- 
sition. The pyroxene, as shown by the analysis 
on page 32, is halfway intermediate between 
diopside (CaMgCSiO,),) and hedenbergite 
(CaFeCSiO,),). The garnet rocks associated 
with the ore bodies are relatively coarse 
grained, and the garnets are more or less 
faceted, and in both these respects they differ 
obviously from the dense aphanitic or micro- 
crystalline garnet rocks of the first period of 
metamorphism. The pyroxene is invariably 
lamellar and forms coarse radial aggregates 
that are as much as 10 inches across. The 
replacement of the Umestone by this heden- 
bergitic pyroxene indicates that the ore- 
forming solutions carried abundant ferrous 
iron, as well as ferric iron indicated by the 
development of andradite in the limestone. 

Among the accessory minerals formed during 
the replacement of the hmestone are magnetite 
and apatite. The magnetite occurs only at the 
Mason Valley mine as a macroscopic compo- 
nent and there only in minute amount; eke- 
where in the district it occurs only as a rare 
microscopic component. The practical ab- 
sence of magnetite and hematite — minerak 
generally common in the contact-silicate ores — 
distinguishes the Yerington ores from those of i 



the same type occurring in other dist 
Apatite is a fairly common accessory mi 
in the ores formed by the replacement of '. 
stone, but it is detectable only with the a 
the microscope. 

The quartz monzonite porphyry dikes i 
three different modes of alteration undei 
action of the mineralizing solutions — actin 
zation, epidotization, and silicification ac 
panied by gametization. All three proc 
were accompanied by pyritization. 

ActinoUtized porphyry is known to ( 
only as a narrow dike in the ore zone o: 
Mason Valley mine. It is a white, highly 
phyritic rock carrying finely disseminates 
rite. Under the microscope the main ch 
that was effected in the porphyry is seen 1 
the development of hairlike actinohte thro 
out its groimdmass. The actinohte f 
numerous sheaves and brushlike aggreg 
averaging 0.2 millimeter in length, and fin 
occurs as countless minute fibers of vai 
sizes down to the limit of the resolving p> 
of the microscope. Narrow veinlets of < 
glassy plagioclase traverse the porphyry, c 
pying fractures that have not displaced 
phenocrysts, and the new feldspars in 
veinlets have the optical orientation of 
plagioclase phenocrysts in which they 
inclosed. 

In the process of epidotization, the re* 
of which are seen mainly in the Bluestone 
Malachite mines, the porphyry was almost ( 
pletely replaced by epidote, the quartz ph 
crysts alone remaining intact. Where 
porphyry has been less profoundly altered, 
feldspar and hornblende phenocrysts have 1 
pseudomorphously replaced by the epidote 

The quartz monzonite porphyr}^ was i 
strikingly transformed by the solutions 
deposited the garnetiferous ore of the Lu( 
lode. The porphyry was fractured; thrc 
the passages thus formed flowed solutions 
deposited andradite, epidote, pyroxene, qui 
calcitc, pyrite, and chalcop}Tite; and I 
these veinlets the porphyry was thorou] 
metamorphosed, chiefly by the growth 
quart//, garnet, and pyrite at the expens 
the pyrogenic minerals. Only the qu 
phenocrj'^ts, usually rounded by magrr 
corrosion, have survived intact; in fact, 
transformation of the porphyry has comm 



GEOLOGY AND ORE DEPOSITS OF YBBINGTON DISTRICT, NEV. 



gh that the quartz crystals alone 
t the resultant siliceous pyritic 
ed from porphyry. 
3orphyry, whose content of intact 
rysts clearly indicates its igneous 
under the microscope to consist 
Iz. The quartz phenocrysts are 
langed; the smoothly rounded 
I magmatically corroded crystals 
even though some of the crystals 
d by broad aureoles of quartz 
inuous with that of the pheno- 
, however, are partly replaced 
ch is common as euhedral crys- 
it the rest of the rock. The 
i plagioclase phenocrysts have 
ughly replaced by quartz that 
them remain. Garnet, sharply 
a rule, occurs scattered through- 

especially in quartz areas of 

than the rest of the ground- 
n in Plate IV, B. Deep-brown 
foliated aggregates is present as 

constituent. Apatite, besides 
arge sporadic prisms, obviously 

the porphyry, also occurs in 
minute needles, suggestive of 
etasomatic action. Titanite oc- 
irge crystals, as in the unaltered 
id zircon is a minor accessory 

•e highly metamorphosed por- 
epidote and pyroxene appear 
9 garnet, and in proportion as 
become abundant the resulting 
increasingly difficult to distin- 
tamorphosed limestone, 
ided felsito that forms the hang- 
Ludwig lode in depth has been 
I by ganiet, pyroxene, epidote, 
Jcite. The footwall felsite tuff 
^'^alley ore zone has been altered 
?rently. Much finely flaky bio- 
leyeloped in the tuff, so that it 
lino-graiiuxl black rock. Tour- 
as a minor accessory mineral, 
he only known occurronco of 

« 

minerals associated with the 
f the district. ITie andesite in 
f the Mason Valley ore zone is 

metasomatic growth of pyrite, 
e, and biotite. 



There remains to be described the metaso- 
matism effected by the ore-forming solutions 
in the limestones previously metamorphosed 
by the quartz monzonite intrusion — that is, 
the metasomatic alteration of grossularite 
homfels, or other gametites, and of quartz- 
pyroxene homfels. Alteration of this kind has 
taken place on the largest scale in the Blue- 
stone ore body. 

The Bluestone ore deposit differs from the 
others of the district in that the ore originated 
through the replacement not of limestone but 
of previously formed calc-sUicate rocks. The 
ore body is situated along a fault that displaces 
a quartz monzonite porphyry dike, and the 
ore has developed through the replacement of 
the adjacent shattered and brecciated calo- 
silicate rocks — grossularite homfels and quartz- 
pyroxene homfels. The introduction of the 
ore minerals chalcopyrite and pyrite was ac- 
companied by the growth of epidote at the 
expense of the preexisting minerals. The 
epidotization of the brecciated porphyry has 
already been described. The epidotization of 
the brecciated gametite is well illustrated in 
Plate V, A, where the angular fragments, bor- 
dered by epidote, are excellently shown; in the 
actual specimen the dark green of the epidote, 
of course, emphasizes strikingly the extent to 
which this mineral has invaded and replaced 
the angular fragments of the breccia. The 
replacement so obvious macroscopically is 
still more evident under the microscope. TRie 
replaced rock is found to be composed mainly 
of garnet whose refractive index of 1.80 
indicates a composition near grossularite; 
pyroxene is a subordinate component. Other 
breccia fragments consist of a finely granular 
assemblage of quartz and pyroxene, a rock of 
the kind here termed quartz-pyroxene homfds. 
The garnet shows the replacement by epidote, 
but it is traversed by veinlets of epidote, 
adjoining which it is irregularly altwed to 
epidote; in places certain zones of the garnet 
are pseudomorphically altered to epidote. 
Chalcopyrite also occurs as a replacement of 
garnet and is invariably accompanied by epi- 
dote. Subordinate components of the ore are 
quartz and calcite; apatite is a minor but con- 
stant accessory mineral. The epidote is rarely 
idiomorphic except in the veinlets that con- 
stitute the cement or binding of the ore-bearing 
breccia. 
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OOMMMITIOV or THk OBB-JOBMnTS SOLOTIOKB. 

The metfunorphism effected bj the ore-form- 
ing solutions shows that they were charged 
with silicon, ferroos and ferric iron, m^- 
nesium, copper, sulphur, and phosphorus. 
What else they carried .emains unknown; that 
they curied boron, for instancej is shown by 
the tnetasomatic occurrence of tourmaline in 
the footwall of the Mason Valley ore zone, 
but the small amount of tourmaline may mean 
either that the solutions were unsaturated 
-with respect to this mineral or that the tem- 
perature conditions were unfavorable, probably 
too low, for its formation. The solutions were 
manifestly deficient in calcium, as they removed 
immense quantities of calcite. In what form 
the bulk of this calcite was dissolved must 
remain unknown. That it may in part have 
been carried as calcium chloride is a reasonable 
hypothesis, in view of the intensive scapohtiza- 
tion shown at some localities by the quartz 
monzonite, although, on the other hand, it 
must be confessed that no scapblite is known 
to be associated with the ore deposits. For 
every molecule of calcite removed as chloride 
a molecule of carbon dioxide would be set free, 
and, proportionally to the pressure existing at 
ihe point of replacement, would aid in the 
removal of the calcite as bicarbonate. 

The solutions appear, further, to have been 
deficient in sodium and potassium, as is shown 
by the complete obliteration of the feldspars 
in the quartz monzonite porphyry and by the 
fact that no sericite has been developed in this 
rock. Biotite, however, has locally been 
formed in small quantities. 

It is of some interest to compare the com- 
position of the ore-forming solutions as deduced 
from their action on limestone with their com- 
position as deduced from their action on quartz 
monzonite porphyry, both kinds of rock occur- 
ring in the same ore body. From the meta- 
somatic replacement of the limestone by 
andradite, pyrite, chalcopyrite, quartz, and 
apatite, it would be concluded that the solu- 
tions were highly charged with silicon, ferrous 
and ferric iron, copper, and sulphur and con- 
tained sufficient phosphorus to develop acces- 
sory apatite; moreover, they must have be- 
come highly charged with calcium, derived 
from the inmiense quantities of calcite that they 
dissolved. From the study of the silicified 
porphyry, essentially a pyritic quartz aggre- 



gate, the most obvious deductions would be 
that the solutions were rich in silicon and sul- 
phur, that they contained sufficient phosphorus 
to cause the development of accessory apatite, 
and that they were deficient in aluminum, ferric 
iron, calcium, magnesium, and alkaUes. From 
the study of the gametized and epidotized por- 
phyry it would be concluded that the composi- 
tion of the solutions was hke that indicated by 
the alteration of the hmestone, with the impor- 
tant exception that in reacting with the por- 
phyry the solutions, instead of removing cal- 
cium, have added large amounts of this element 
to the porphyry. The physical-chemical deduc- 
tion from this comparison appears to be that 
the solutions were saturated with garnet, but 
uudersaturated with respect to other calcium 
compounds, such as the chloride; hence, the 
same solutions were able to replace both Ume- 
stone and porphyry, although the one replace* 
ment meant a subtraction of calcium and the 
other an addition of calcium. 

PABAOBNESIS. 

The sulphides and associated silicates — 
pyroxene, andradite, amphibole, and epidote — 
broadly considered, were 
formed essentially at the 
same time. Under the micro- 
scope sequential relations be- 
tween the silicates are occa- 
sionally observable, in that 
certain minerals appear to p„„„ b._j^,^ <,i„ 
have continued to grow after idiomorphiccn««octi<»i 

,. L J . J Ti . of lamellar p^roieoe In » 

OtoerS naa stopped. tint cllnopliucaidalwcUcmol 

such relations, clear enough pj™™"- 
in the small areas of certain thin sections, 
do not appear to be supported by any 
broadly significant evidence in the ore deposits 
themselves, and they are therefore regarded as 
evidence of minor vagaries in the general course 
of ore deposition. The sulphides appear to 
have formed continuously throughout the 
period during which the gangue minerals were 
being deposited. The details on which these 
conclusions are based are given in the following 
paragraphs. 

The radiul and spherulitic pyroxene not un- 
commonly shows under the microscope idio- 
morphic sections of one crystal that are inclosed 
in idiomorphic sections of another crystal, as 
illustrated in figure 6. The relations shown in 
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the figure are clearly explicable as haviijg 
result^ from unequal rates of growth of two 
different pyroxene crystals growing from con- 
tiguous spheniUtic centers; had the mineral 
whose cross section is shown been other than 
pyroxene, however, it would according to 
usage somewhat common in the study of ore 
deposits be said to "cut*' and replace the 
pyroxene shown in cUnopinacoidal section. 

The pyroxene in a specimen from the Western 
Nevada mine is sharply idiomorphic, and the 
associated andradite lies interstitially between 
the pyroxene crystals (PI. V, B); from this 
relation it follows that in this particular speci- 
men the andradite continued to grow after the 
pyroxene had ceased to grow. Garnet appears 
to have replaced the earlier-formed pyroxene 
to a shght extent; but the main bulk of the 
evidence, both the field and the microscopic, 
points to the essential contemporaneity of the 
pyroxene and garnet. 

Epidote, which is rare except m the Blue- 
stone ore body, is clearly syngenetic with the 
pyroxene and gurnet that were deposited by 
the ore-forming solutions. In the Bluestone 
ore, however, it has clearly replaced the garnet 
and pyroxene of the first epoch of meta- 
morphism. The replacement is strongly indi- 
cated by megiiscopic evidence, which shows it 
to liave followed the faulting and brecciation 
of th(* rej)hi<'(Ml rock, and this megascopic evi- 
cl(^nc(« is confirnied by the microscope. It 
is llnlllif(^st, therefore, that the replacement of 
the, ^iiriHit and pyroxene by epidote and sul- 
r)hideH in the iiluestone ore records an event in 
I he ^eiiewis of the deposit that is of real geologic 
iiijriiilieance. 

Aelinohte is most common in the Mason 
Viill<*y ore (h»posit, where it occurs irregularly 
rlihlnhuted through the pyroxenic gangue. It 
r|(M-i not appear to have originated as a result 
of I \n' if jt roduction of the sulphides, nor is there 
liny :-.iriirtural evidence, such jis faulting or 
Im erri.it ion of the previously formed ore, to 
.how tijat its ori<^in was connected with any 
f'li;in;re in the eonditions of ore deposition of 
lMo;jd ;r<'oJogic significance. 

'In*- -iulphides occur inclosed in J2;arnet, in i 
Ityi'fy.t'iic, or in the calcite that in places lies 
i/iU-rJjtiallv between the silicates. As the ' 
••jhrate-, htron^ly [predominate in the ores of : 
tj,'r district, it is clear tliat on the whole the 
buipijjdes are more closely associated with the ' 



silicates than with the calcite. It is fmiher 
apparent that the sulphides have not replaced 
interstitial calcite, because the silicates are 
invariably idiomorphic against calcite, and 
consecjuently, if the sulphides did replace cal- 
cite that was formerly interstitial they should 
be molded around idiomorphic garnet and py- 
roxene; as a matter of fact, however, such a 
relation is rarely or never found. If the sul- 
phides replaced interstitial calcite in the garnet- 
pyroxene masses (the calcite being therefore 
essential to their precipitation), it is very 
remarkable that no sulphides have been de- 
posited in the Umestone beyond the border of 
the siUcate masses. This failure of the sul- 
phides to occur in the favorable limestone 
environment beyond the silicate masses is 
therefore highly significant, and it strongly 
supports the other evidence of the essential 
contemporaneity of sulphides and silicates. 

The chalcopyrite is almost invariably anhe- 
dral; the pynte, however, is generally euhedraL 
Cubes of pyrite are inclosed in the chalcopyrite, 
and as seen under the microscope they show no 
sign of fracturing or brecciation. The pro- 
portion of chalcopyrite to pj'^rite differs widely 
in different deposits; in some pyrite is nearly 
absent, whereas in others it is more than twice 
as abundant as the chalcopyrite. The sul- 
})hides are more closely associated in some 
deposits with the pyroxene and actinohte, as 
in the Mason \'alley ore body, and in others 
with the andradite, as in the Douglas Hill 
deposit. The sulphides are not uncommonly 
embedded in ])yroxene, which shows no trace 
of alteration to actinohte, so that it is clear that 
the pyroxene was not altered to actinohte as a 
result of the introduction of the sulphides. In 
the Bluestone deposit, which differs from the 
others of the district in that the ore has re- 
placed garnetite and related hornfelses instead 
of limestone, the sidphides that were formed by 
the metasoniatic rejdacenicnt of garnet and 
pyroxene are invariably accompanied by epi- 
dote, which also lias replaced the garnet and 
[nroxene. This parageiietic relation clearly 
implies that if during the introduction of the 
sulphides the pyroxene was actinohtized the 
sulj^hides would ])rol)ably not be inclosed in 
the unaltered pyroxene. 

Fibers and prisms of amphibole project into 
or are inclosed by chalcopyrite, but whether 
this means that the amphibole ** cuts'' the 
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sulphide or that the sulphide is later than the 
amphibole and has grown around it is not dear. 
-From similar relations observed in ore from 
Arizona Tohnan^ concludes that the amphibole 
is later than the sulphide it '^cuts/' but this 
conclusion appears to be not more probable 
than the reverse conclusion. It is likely that 
the pyrite bears the same relation to the 
tremohte that the pyroxene in cross section 
seen in figure 6 bears to the clinopinacoidal 
section in that figure. 

The facts that veinlets composed of prisms of 
quartz, dodecahedrons of garnet, and sulphides 
break across the structure of stratified gamet- 
ites; that veinlets of quartz, calcite, sulphides, 
garnet, pyroxene, and epidote traverse quartz 
monzonite porphyry; and, to take an example 
on a larger scale, that the Ludwig lode, whose 
gangue, although consisting essentially of cal- 
dte and subordinate quartz, nevertheless 
contains notable quantities of andradite all 
show that the deposition of the silicates, per- 
sisted until quartz and calcite were deposited 
simultaneously with them. If, then, in the 
final stage of ore deposition the silicates, sul- 
phides, quartz, and calcite were deposited 
tc^ether, it is improbable that the silicates 
would have been replaced by sulphides, quartz, 
or calcite in any of the earlier stages of 
deposition. 

TIME OF ORE DEPOSITION. 

The earliest plutonic rock to invade the 
district was the granodiorite, a medium- 
grained rock. This was followed by the quartz 
monzonite, a coarse-grained rock, areaUy the 
most widespread rock in the district. Aplito 
succeeded the quartz monzonite and was in 
turn foDowed by an extensive injection of 
quartz monzonite porphyry dikes. Faulting 
then took place, displacing many of the dikes, 
and the metalliferous solutions rose along the 
faults and formed the ore deposits. 

It is therefore important to consider closely 
the relation of the ore deposits to the porphyry 
dikes and to the whole sequence of intrusive 
rocks, for a long lapse of time evidently 
occurred between the consoUdation of the 
parent magma and the deposition of the ore. 
The intrusion of the granodiorite and the 

1 Tolman, C. F., Jr., Obsen-ations on certain tj-pcs of chalcocito and 
their ebancterifttic etch patterns: Am. Inst. Min. Eng. Bull. 110, p. 409, 
1016. 



quartz monzonite profoundly metamc 
the rocks of the district. It was at tl 
as was previously shown, that the gi 
and calcinm-sihcate homfelses were p] 
4f ter this metamorplusm the quartz mi 
porphyry dikes were injected, cutting 
preexisting rocks of the district — ^hir 
calcium siUcate rocks, granodiorite, an< 
monzonite. The relation of the dikes 
metamorphosed limestones — the calci 
cate rocks — ^is of considerable interest, 
the porphyries traverse the gameti 
other calcium sihcate rocks they sho\i 
contact selvages. For example, one 
prominent dikes southeast of Ludwi 
irregularly into branches and incloses 
of dense, aphanitic quartz-pyroxene 1 
The porphyry is bordered by a notabl} 
selvage, 8 inches wide, within whic 
aphanitic and carries small phenoci 
feldspar and quartz, although the nom 
is so crowded with large crystals as 
almost granitic in habit. Another dik< 
is more than 100 feet thick, has a 
margin several feet wide bordering the 
ite it traverses. These observations 
that the calcium sihcate rocks wer 
temperature low enough to chill the poi 
at the time of intrusion, but whetl 
means a long interval between the tim 
metamorphism when the calcium sihca 
originated and the intrusion of the dik 
open question, in view of the lack of qi 
tive data on the physics of such phenoi 
Although it is firmly estabUshed that 
deposition took place after the intrusio: 
porphyry dikes, yet the question can b 
whether the dikes are all of one pulse c 
sion. May not a particular set of dike 
is, a series of granodiorite porphyries 
followed the irruption of the granodior 
another series the irruption of the quar 
zonite? If this has happened, it is < 
able that the faulted and mineraUzed d 
granodiorite porphyries and that their i 
ization ensued contemporaneously w 
quartz monzonite intrusion and prior 
injection of the last set of porph3rry dik 
though it can not be positively afllrm 
there is not a series of granodiorite poi 
distinct from a later scries of quartz mc 
porphyry dikes, yet, inasmuch as dike 
graphically Uke those cutting the quar 
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jonite were highly mineralized during the pe- 
riod of ore deposition, manifestly the ores were 
formed after the last of the porphyry dikes had 
been injected. This is most clearly shown at 
the Ludwig mine. Here the two extreme vari- 
ants of the porphyry dike series are present. 
A thick dike of porphyry, characterized by its 
afanost granitoid habit and lack of quartz 
phenocrysts, cuts the hanging-wall country 
rock, terminating against the hanging-wall 
fault. In the lode itself occurs an aphanitic 
porphyry whose quartz phenocrysts are its 
most prominent features; it carries also large 
phenocrysts of orthodase and similar crystals 
of plagioclase, and it is clearly a quartz mon- 
zonite porphyry similar to those porphyries 
rich in phenocrysts of quartz that are known 
to cut the quartz monzonite. This porphyry 
has been gametized, silicified, and pyritized in 
many places so thoroughly as to be almost be- 
yond recognition. There is Uttle doubt, there- 
fore, that the deposition of the garnetiferous 
ores — ^the contact-metamorphic ore bodies — 
occurred after the injection of the quartz mon- 
zonite pK)rphyry dikes. No intrusions geneti- 
cally related to the quartz monzonite magma 
succeeded the injection of the quartz monzonite 
porphyry dikes. If the ores are genetically 
connected with the quartz monzonite magma, 
AH they are beUeved to be, then their deposi- 
tion was the last manifestation of its hypogene 
energy, which was postponed until long after 
th^f r^onsolidation of the quartz monzonite now 
exp^iHed U) view. 

ORIGIN AND CLASSIFICATION. 

Unit genesis of the ore deposits, although 
a/jticipated in the previous descriptions, will 
UffW \Hi n!capitulated and attention will be 
enlU'A to tlie theoretical bearing of certain 
fi-.hinntH of the ore lM)dics. 

Granodiorite, foUowed by quartz monzonite 
ill fnr Jailer amount, invaded the region prob- 
ably in early Cr(^tiu;eous time. These intru- 
iiioo* profoiiiicJly m(^tainorphosod the invaded 
nH:k^. they rjiiiHcuI i\w, andosites and felsites 
a/lja/.4'fit fo them to nHTysitdlizc and in part 
Up \hu'A$uu', wJiiHUw<?, and th(;y transformed the 
lirrM'*'.to/i#**i into aphanitic^ or microcrystaUino 
fo#',kj* 4'Jtu%\^tmtH\ mainly of gamot or wollaston- 
iU% \h'tini'f heavy gann^titc^s probably pre- 
#|//iriiriaUi ain<;ng the limestones thus metamor- 



phosed, and the pseudomorphic replacement of 
an undistorted HaloHa in typical rock of this 
kind indicates that the garnet resulted not 
from recrystallization of the impurities in the 
Umestone but from the accession of new ma- 
terial, principally sihca and iron. In view of 
the extent of the metamorphosed limestone, it 
is evident that silica and iron were added in 
large quantities, but notwithstanding this large 
addition, no copper or sulphur were added at 
this time. In places the quartz monzonite is 
traversed by veins of scapohte as much as 2 
feet thick and is itself extensively altered to 
scapohte near the veins; but this scapolitiza* 
tion is the only record that chlorine or any other 
pneumatolytic agent was active at this stage 
in the igneous history of the district. The in- 
trusion of the quartz monzonite was succeeded 
by that of aphte in minor amount and by the 
injection of numerous quartz monzonite por- 
phyry dikes. Faulting then ensued, as is 
shown by the dislocation of the dikes, and along 
certain of the fault fissures metalliferous solu- 
tions rose and formed the ore bodies of con- 
tact-metamorphic type. A long interval of 
time, therefore, separated the intrusion of the 
quartz monzonite and the formation of the ore. 
During this interval the consolidating quartz 
monzonite magma differentiated to some ex- 
tent, as the apUte and the porphyry series 
prove; the porphyries, however, do not differ 
greatly from the parent magma, being only 
somewhat more salic. 

The ore deposits, as shown by the minerals 
composing them, were formed at high tempera- 
tures. As the component garnets are gener- 
ally birefringent, it is probable, from some 
experimental work by H. E. Merwin, that the 
temperatures did not, however, exceed 600® C* 
The ore-forming solutions were therefore at 
high temperatures, but whether they were gas- 
eous or liquid can not be positively affurmed 
because of lack of data on the concentrations 
of the various constituents in the solutions. 
Doubtless water strongly predominated. The 
critical temperature of pure water is 370° C; 
the presence of the gaseous constituents CO, 
and HjS would lower the critical temperature,* 
but the presence of the difficultly volatile com- 

1 Wright, C. W., Geology and oro deposits of Copper Moantain tod 
Kasaan Peninsula, Alaska: U. S. Geol. Survey Pr^. Paper 87, p. lOS^ 
1915. 

t Nemst, W., TheoretLsche Chemic, 7th ed., p. 115, 1913. 
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pounds would raise the critical temperature.^ 
What was the balance between these two op- 
posing effects in the ore-forming solutions 
imder discussion no one can tell, but the prob- 
able strong predominance of water makes it 
likely that their critical temperature was near 
370** C. If, as appears probable, a higher tem- 
perature than this prevailed during the synthe" 
sis of the garnet and pyroxene, the solutions 
were therefore gaseous. The physical condi- 
tion of such solutions has been a matter of con- 
siderable discussion among geologists, but that 
it is of any geologic signilicance does not seem 
to have been shown. As long ago as 1879 
Hannay and Hogarth determined that sub- 
stances would act above their critical tempera- 
tures as solvents for difficultly volatile com- 
pounds, and confirmatory evidence has been 
since accumulating.^ The geologically im- 
portant substance water has, however, not yet 
been experimentally investigated in this regard, 
but the geologic evidence leaves Uttle doubt 
that water conforms in its behavior with the 
substances experimentally investigated and is 
a solvent abovQ its critical temperature. 

A notable feature of the ore-forming meta- 
morphism is that some ore bodies, or large 
portions of them, consist almost wholly of 
pyroxene plus some sulphide, whereas others 
consist essentially of andradite. A mass that 
is composed of diopsidc-hedenbergite (a silicate 
of calcium, m^nesium, and ferrous iron con- 
taining 50 per cent of sihca) must differ widely 
in chemical composition from a mass composed 
of andradite (a sihcate of calcium and ferric 
iron containing 36 per cent of sihca). That 
these widely differing bodies of sihcate rock 
have formed within the same hmestone strata 
appears to oppose insuperably any attempt to 
apply the theoretical views of Leith ^ to account 
for the silicate masses of the Yerington district. 
If, in accordance with these views, the deposits 
had resulted largely from elimination of the 
calcite in the Umestones and reery^tallization 
of the residual impurities, then the chemieal 
composition • of the various silicate masses 
throughout the district should show a consid- 
erable degree of uniformity. It is perliaps 
hardly necessar^^ to apply this test to the 

> Boeke, H. E., Onmdlogcn dcr physikalischcn-chcmisclK'n Petro- 
gnphie, pp. 261-263, 1915. 

> Idem, pp. 261-268. 

*Leith, C. K., Recrystallizatlon of limestone at igneous contacts: 
Am. lost. Min. Eng. Trans., vol. 48, pp. 209-214, 1915. 



''recrystallization hypothesis" in its 
cabihty to the Yerington district, beca- 
many features of the ore deposits abso 
negative its adoption, even as a tenttfti^ 
planation. Probably the most powerful 
argument against the recrystallizatior 
pothesis as applied to this district Ues i 
facts that all the impurities in the limei 
recrystaUized during the first epoch of 
morphism (and even during this recrystj 
tion much iron and silica were added t 
recrystaUized limestones) and that th 
bodies and their great masses of asso< 
garnet and pyroxene were formed by re" 
ment and, with one exception, by the re 
ment of relatively pure limestones. The 
exception, the Bluestone ore body, affo 
possible, even stronger evidence agains 
appUcabihty of the recrystaUization hyi 
sis, as the ore of this deposit wjis formed I 
replacement of brecciated gametite and q^ 
pyroxene homfels. 

The significance of such iron-bearing sil 
as andradite and hedenbergite in coi 
metamorphic deposits has been amply ei 
sized in recent years. It appears to have 
first recognized by Lacroix,* who descri 
contact deposit of magnetite — a deposit 
he says, is of a high theoretic importance 
strongly indicates the accession of subs 
from the granite magma. The sihcates a 
panying the magnetite are iron-bearing 
eties. Lacroix says: 

The garnet is not groesularite but melanite; the 
ene is not light-colored diopside but a diopside near 
bergite; and the amphibole, instead of being faintl} 
in pale green in thin section, is extremely deep grc 
is a highly ferriferous hornblende. 

Later work, especially by Kemp and 
gren, has abundantly confirmed Lacroix'i 
mate of the theoretic importance of 
paragenetic relations. 

Probablv the most noteworthv fact 
nectcd \vith the occurrence of the andrac 
the Yerington district, aside from its g 
association with the ores, conformably 
what is now recognized as the rule the 
garnet of contact-metamorphic ore de 
is generally andradite, is that along c 
faulti^d contacts the andradite fonns the 
ing materiid of breccias made up of ai 



* LacroLx, A., Le granite des Tyn^ni'-es et ses ph(.*>nom6nes dc 
Sorices carte gtk)I. France Bull. 71, pp. 9-11, 1900. 
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at higli temperature in a limestone environ- 
ment. 

Contact-metamorphic ore deposits may be 
.regarded as a special facies of one of the two 
forms of contact metamorphism recognized by 
petrologists, namely, as a facies of pneumato- 
lytic contact metamorphism, as distinguished 
from normal contact metamorphism such as is 
typified by the classic example of Barr-Andlau. 
The special facies is of course due to the occur- 
rence of sulphur and of heavy metals such as 
copper in the metamorphosing solutions. Now, 
the characteristic features of pneumatolytic 
contact action are that it takes place after the 
normal metamorphism has been effected and 
that it is localized along fractures and fissures, 
instead of forming a continuous aureole of 
metamorphic rock encircling the intrusive 
rock. These relations have long been specially 
emphasized by Lacroix,' Rosenbusch,' and 
other petrologists and may be considered as 
well-established laws of petrology. They are 
particularly weU illustrated in the Christiania 
region, as recently described by Goldschmidt.' 
In this region the pneumatolytic contact meta- 
morphism produced numerous argentiferous 
zinc4ead ore deposits having a gangue of andra-. 
dite and fluorite. These deposits are situated 
along faults, the fault at GlomsrudkoUen, for 
example, having a throw between 1,000 and 
2,000 meters.* 

Among economic geologists there appears to 
be some hesitation to classify the deposit* of 
this kind that occur along fissures as tjrpically \ 
contact metamorphic. According to Krusch,^ 
where fissure fillings have resulted from contact- 
metamorphic agencies, the distinction between 
contact deposits and fissure deposits becomes 
difficult. That the attempted distinction is 
rather artificial is shown, for example, by a 
consideration of the geologic relations of the 
contact-metamorphic sphalerite deposit at 
GlomsrudkoUen, just referred to. The ore of 
this deposit consists of sphalerite, pyrrhotito, I 
and pyrite in a gangue of fluorite and andra- 
dite, and it is localized alon^^ the fault of hirgo 

« Lacrolx, A., Le granite dcs l*jT<?n6es et scs ph<^nom^nes de contact: I 
Services carte g6ol. France Bull. 71, pp. 62-67, 1900. 

'Rosenbuachy H., Mikroscopische Ph>'siographie dcr massigcn Go- 
ateine, 4th ed., vol. 2, pt. i, pp. 123-127, 1907. 

> Goldschmidt, V. M., Die Kontaktmet4iinor]>liosc im Kristioniagebict, 
pp. 70, 86» 108, 19n. 

* Idem, p. 88. 

• Kmscb, P., Die Classification der Eralagerstiittcn von Kupferberg 
In SchJesien: Zeit schr. prakt. Gcologie, Jabrg. 1901, p. 228. 



throw previously mentioned. It occurs 
the fault traverses limestone, but whc 
fault traverses granite or quartz po 
greisen occurs, consisting of muscovite, i 
pyrite, and locally much specular hematii 
short, the greisen and the contact-metan 
ore bodies were formed by the same soli 
they are therefore genetically coordinai 
this close kinship is not denoted by the 
nology usually employed ; and this leads 
to the previously expressed conclusion tl 
distinguishing features of contact-metam 
ore deposits result from their format 
high temperature in a limestone enviroi 
and that the sole criterion diagnostic o: 
deposits is the presence of contact si] 
which are generally of calcic compositio 
From the foregoing discussion it a 
necessary to conclude that the Yeringt 
posits are clearly members of the cc 
metamorphic class. The special featu 
broader import as to the theories of ore ( 
tion that they illustrate exceptionally vt 
(1) the long time that intervened betwe 
formation of the ore deposits and thi 
solidation of the magma on which th 
genetically dependent; (2) the great amc 
material, principally iron and silica, thi 
added to the sedimentary rocks durin 
interval, without traces of ore depositio: 
(3) the genetic dependence of the cc 
metamorphic ore on fault fissures, along 
the fractured or brecciated limestone ha 
metasomatically replaced by garnet, pyr 
and sulphides. 

OXIDATION AND SULPHIDE ENRICHM] 

The ores in general are not oxidized 
sively or to great depths. Residual sulj 
in fact, commonly occur in the outcrops 
oxidized ores. Enrichment by supergei 
phides has not been important. The b 
the copper output of the district has 
from primary ores. Water level has no 
reached in any of the mines except the Li 
where it was struck at a vertical depth 
feet. 

Tlio notable features of the oxidized o: 
the prevalence of gypsum, chalcanthite 
stone), chrysocoUa, and copper pitcl 
Chalcanthite was formerly abundant c 
to be mined to supply the amalgamating 
of the Comstock lode; it is even now co 
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in. the oxidized ores yet remaininf^, especially 
of the Bluestone mine. Its prevalence is of 
course a direct result of the existing arid cli- 
mate. Tlie oxidized ores are permeated with 
gypsum, which in places forms plates as much 
as an inch in diximeter and a quarter of an inch 
thick. Narrow veinlets of gypsum are also 
common. Tlie gypsum in the oxidized ores 
was derived from the action of sulphuric acid 
on the interstitial calcite of the gangue and 
probably to some extent from the action of the 
acid on the andradite, which, as Bergeat * 
has shown, is easily decomposcMl by dilute 
sulphuric acid. Its prevalence proves that 
throughout the history of the ore bodies the 
downward movement of oxidizuig water has 
been sluggish — so sluggish as to be unable to 
remove so soluble a compound as gypsum. 
This imperfect lixiviation in the zone of oxida- 
tion is clearly due to the general imperviousness 
of the massive garnet-p\TOxene ores. 

Chi^'socolla and the related copper pitch ore 
are relatively abundant among the oxidized 
compounds. Their prevalence is due to two 
factors; first, the andradite, easily decompos- 
able by weak sulphuric acid, furnished abun- 
dant coUoidal silica, and, second, the rapid 
neutralization of the sulphuric acid (in which 
chrysocoUa and copper pitch ore are readily 
soluble) by the calcite and the andradite of 
the ore allowed their ready precipitation. 

The ores have not been notably enriched 
hy secondary (supergene) sulphides, and more- 
over, the zone of enrichment is not sharply 
separated from the zone of oxidation. The 
supergene sulphides occur as a rule as soft, 
sooty bluish-black or black material. They 
have formed chiefly at the expense of the chal- 
copyrite originally present, and in some ore 
this action has gone so far that the chalcopy- 
rite has wholly disappeared, leaving the pyrite 
essentially intact. This selective replacement 
is common throughout the district and is per- 
haps the most noteworthy feature of sidphide 
enrichment that the district exemplifies. Co- 
vellite and chalcocite are the two sulphides 
formed during enrichment. Tliey are inva- 
riably associated closely with gypsum, which not 
orJy occurs as plates intergrown with them but 
also penetrates them in veinlets. It is found as 
far down as enrichment extends. 

- lU:rr*At, Alfr«,-«1, Dcr <irainMliorit von ('oncei>cion del OroiinStaato 
ZvSi^HTAi MtixiKO) und ieiiiv Koiitaktbildungen: Xcues Jahrb., 
B kiibft*: li'aijtl 2". p. 5i^ VMt. 



The covellite, as may be seen on polished 
sections of ore, has tended to replace the chal- 
copvrite along crystallographic directions, 
forming triangular and rhombic patterns, 
obvious even to the unaided eye.* Possibly 
these directions are those of the pyramidal 
cleavage (201) of the chalcopyrite, which Dana 
says is sometimes distinct; but etching with 
potassium cyanide failed to bring out the 
cleavage, so that this supposition is unverified. 
In general, however, the covellite traverses the 
chalcopyrite in networks of minute veinlets; it 
is from some of these that branches extend 
parallel to the supposed cleavage. 

Chalcocite, like the covellite of the district, 
has formed chiefly at the expense of the pri- 
mary chalcopyrite. It was more abundant 
at the Ludwig mine than in any other deposit 
of the district. 

The conditions of oxidation and sulphide 
enrichment in the Ludwig lode differ rather 
markedly from those prevailing in other de- 
posits of the district. These differences have 
resulted from its lode form, its siliceous char- 
acter, and its greater perviousness, due to postr 
mineral shattering. Owing to this combination 
of circumstances the lode has been oxidized 
and leached down to water level, at a vertical 
depth of about 500 feet. Below the leached 
zone is the chalcocitized zone, at its mftTinfi^ iin 
not much over 100 feet in vertical extent and 
averaging much less than this. In view of the 
large quantity of highly leached gossan above 
water level, the amount of chalcocite formed 
was disproportionately small. This meager 
enrichment is explicable as due to the fact that 
the lode, which dips 70** E., is underlain by 
limestone. The acid copper-bearing solutions 
formed by the oxidation of the primary pyrite 
and chalcopyrite flowed in large measure into 
the footwall, their ingress into which was facili- 
tated by the postmineral faulting and shatter- 
ing. Once in this calcitic environment the 
acid was neutralized and the copper was pre- 
cipitated as carbonates, copper-pitch ore, 
chrysocolla, and cuprite. The ore thus de- 
posited shows a ratlier well defined layering 
parallel to its inclosing waUs, and much of it 
plainly fills solution cavities in the limestone. 
On the other hand, the local replacement of 

I A. F. Rogers (Secondary sulphide enrichment of copper ores with 
si)ec'kil reference to microscopic study: Min. and Sd. Press, vol. 100, 
p. (>M, fig. 5, 1914) has described a similar replaoament of chiJoopyiits 
' by covellite in ore from the Rambler mine, Wyo. 
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limestone by chrysocolla is remarkably weU 
shown. In conclusion^ the relations shown at 
• the Ludwig mine suggest that had not the lode 
been underlain by limestone large amounts of 
oopper would have been dispersed and not 
reprecipitated and so would have been lost be- 
yond recovery, and that therefore the process 
of supergene sulphide enrichment is likely to be 
extremely wasteful of copper. 

nSSIJBB VEINS AND OTHER DEPOSITS. 

In addition to the contact-mctamorphic 
deposits a few fissure veins and related deposits 
ocicur in the district, but none of them have 
yet i^ttained economic prominence. The only 
fissure vein that was being worked in 1914 
was the Montana- Yerington, in which the 
ore bodies occur in a crushed and foliated 
zone in granodiorite. The ore consists chiefly 
of chalcopyrite with minor amounts of euhedral 
pyiite, associated with finely disseminated 
plates of specular hematite. At the Empire- 
NoTada mine scattered bunches of cuprite 
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ore in quartz monzonite porphyry are b 
worked, but the primary sulphides i 
which these have been derived have not s< 
been disclosed. 

In the granodiorite hills east of the tovi 
Yerington, an area not shown in the 
accompanying this report, occur a grou 
fissure veins in which chalcopyrite and p; 
are associated with specular hematite : 
gangue of quartz. Representative of i 
are the New Yerington and the Butte & 
ington; at the Black Rock prospect the < 
copyrite is inclosed in quartz that ca 
much magnetite intergrown with speculc 
. A few narrow quartz veins are inclose 
the quartz monzonite in the southwest a 
of the mapped area, a few miles sout 
Ludwig. They carry pyrite and chalcop 
and in one a minor amount of galena- 
only occurrence of a primary sulphide in 
district other than pyrite and chalcopyr 
but the value of these ores is in their 
content. 
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MINSS AND PBOSPSCT8 ON CONTACT-MBTAMOS- 

PHIC DEPOSITS. 

BLX7X8TOVX MINI. 

The Bluestone mine, the oldest in the dis- 
trict, is 1^ miles west of Mason, at an altitude 
of 5,400 feet. In the seventies it supplied 
natural bluestone to the amalgamating mills 
on the Comstock lode. Later a small smelter 
was built near the mine and was run for a 
time on oxidized ore, but the high cost of fuel, 
which had to be hauled from the raiht>ad at 
Wabuska, soon brought operations to a dose. 
In recent years work has been restricted 
mainly to exploration and development of 
the ore. In 1917 the mine became produc- 
tive, supplying 1,000 tons of ore a day to the 
smelter at Thompson. 

The mine is opened by two adits. The 
lower or main adit, whose portal is at an 
altitude of 5,151 feet, entering from the east, 
imdercuts the ore-bearing zone at a depth of 300 
feet, 780 feet from the portal. The principal 
development, however, is on the upper or 
100-foot level, which connects with the surface 
through an adit entering from the west at an 
altitude of 5,370 feet. This level consists of 
an irregular network of drifts and crosscuts 
intersecting the ore body. Considerable work 
has also been done on the 200-foot level, but 
comparatively little on the three levels or 
sublevels below this. The total development 
work aggregates about 7,000 linear feet. 

The rocks in the vicinity of the Bluestone 
mine consist principally of highly metamor- 
phosed limestones, the so-called calc-silicate 
liorafelses, which on the wast have been faulted 
af^uinst granodiorite. 'Two thick dikes of 
(luartz monzonite porphyry intersect the lime- 
silicato rocks, and an aplite dike occurs a 
sliort distance north of the mine. 

The details summarized in the preceding 
piirnjxraph will now be presented. AMiitc 
lime-silicate rocks, int erst ratified with beds o^ 
wliit(» niarl)l(^ make up the north end of the 
rid^'e extendin*]; north from the mine. They 
strike N. sr,'' K. and vlip 70^ X. They con- 
sist, Inr^'ely of wollastonite, with subordinate 



diopside and tremolite. Underlying these are 
darker-colored Ume-siUcate rocks, mainly dense 
fine-grained gametites, which constitute the 
country rock in the immediate neighborhood 
of the mine. Associated with them, however, 
are a few strata of quartzite-like appearance, 
which are found under the microscope to be 
composed of quartz and pyroxene. These 
lime-fiilicate rocks form a belt about 1,000 feet 
wide at the mine, which is bounded on both 
sides by faults — one on the west separating 
it from granodiorite and one on the east 
separating it from rhyolite. (See PI. Ill, 
section 0-C\)' Both fault contacts are well 
shown in the main adit; that between the 
rhyolite and lime-silicate rocks is 210 feet 
from the portal and dips 77^ E., and that 
between the lime-sihcate rocks and the grano- 
diorite is near the face of the adit and dips 
35^ E. These faults converge northward, 
causing the lime-silicate belt to narrow abruptly 
in that direction. 

One of the quartz monzonite porphyry dikes 
is fairly well exposed at the '' head frame shaft. " 
It is at least 50 feet thick, is highly shattered, 
and locally is so thoroughly epidotized as not to 
be easily recognizable. It is cut off by a 
transverse fault and displaced somewhat over 
100 feet to the east. This fault appears to have 
been the principal channel along which ore- 
fonning solutions ascended. 

The ore body in plan, as shown on the 100- 
foot level, is roughly elhptical. The major 
axis, which trends about N. 30'" W., is 400 feet 
in length, and the minor axis is 200 feet in 
length. The area thus circumscribed is, how- 
ever, not imiformly mineralized, and parts of 
it are in fact of too low grade to be ore. The 
northwest end of the ore-bearing area coin- 
cides with the fault along which the quartz 
monzonite porphyry dike has been displaced, 
and here the ore formed a rich lodelike shoot, 
as stoped out in drift 106. 

The ore-bearing zone is separated on the 
footwall side from the barren country rock 
by a well-defined iissure, locally known as 
'*the footwall," which trends N. 15° W. and 
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dips 35"" E., steepening to 45^ on the 200- 
foot leveL The ore does not, however, extend 
everywhere to the footwall. Toward the 
hanging wall the copper content gradually 
diminishes, but some of the hanging-waJl 
country rock ia said to average 0.75 per cent 
of copper for 200 feet beyond the limits of 
the commercial ore. The country rock of the 
footwall zone, of the hanging-wall zone, and 
in fact in all barren portions of the mine 
differs in appearance from that of the ore- 
beanhg parts in that the barren rock is com- 
posed of silicates that are lighter colored than 
the epidote that is characteristically associated 
with the ore. As verified under the microscope 
the barren rock is made up chiefly of fine- 
grained massive garnet. 

The ore consists of chalcopyrite inclosed 
in a gangue consisting predominantly of 
finely granular epidote with subordinate quartz 
and calcite. Owing to the preyalence of 
epidote the ore is of dark-greenish color, a 
feature that distinguishei^ the ore-bearing rock 
from the barren gametite. The chalcopyrite 
occurs as grains and irregular small masses; 
pyrite is absent from the main ore body but 
appears in the low-grade material of the 
hanging-wall country rock. The ore shows in 
places an obscure breccia structure, which 
18 due to the fact that such ore is composed of 
angular fragments of gametite, of quartz- 
pyroxene homfels, or of porphyry, which 
have been cemented by chalcopyrite, epidote, 
quartz, and pyroxene. The breccia structure 
is particularly well displayed near drift 121, 
where the quartz monzonite porphyry dike 
has been crushed and the angular fragments 
thus produced have been epidotized and sur- 
rounded by sulphides. The breccia structure 
has in this way been strikingly emphasized. 
That the epidotization and the deposition 
of chalcopyrite took place together is obvious; 
and if in other parts of the mine the breccia 
structure is generally less evident than in drift 
121 it is probably due to the obhteration of 
the gametite fragments through replacement 
by epidote. Some of the ore, however, incloses 
fragments of gametite, and when examined 
under the microscope clearly shows not only 
that epidote along with the other minerals 
fills the fracture, but that the epidote has 
grown at the expense of the garnet, invading 



and destroying it. The end result o 
action of this kind was chalcopyi 



ore. 

The outcrop of the Bluestone 
was largely covered with soil t 
inconspicuous. The barren cappii 
however, nowhere exceeding 10 f 
surface workings disclose notable 
of bluestone and gypsum. Both of 
erals ramify through the oxidized i 
veinlets characterized by cross-fiber 
Unaltered nuclei of chalcopyrite, 
are present in the oxidized ore, and 
the depth to which oxidation has 
is inconsiderable, in few places ex 
the 100-foot level. Enrichment by 
sulphides is imimportant; sporadicall 
copyrite has been in part altered to s 
cocite, but in general the small amoun 
ment that has occurred has produced 
films on the chalcopyrite. 

The Bluestone ore body attains it 
dimensions on the 100-foot level; 
siderably smaller on the 200-foot 
in the lower workings the metallizat 
is mainly pyrite, is clearly confined 
fissures traversing dense, massive 
The quantity of ore blocked out is 
by the manager as 1,000,000 tons, 
2.5 per cent of copper. 

MASON VALLEY MINE. 
HISTORY AND DEVElTOPMENT. 

The Mason Valley mine is IJ mil 
Mason. Between 1870 and 1875 
furnished considerable bluestone to 
on the Comstock lode. No large 
copper ore was made, however, uiiti 
mine was acquired by the Mason Ye 
Co. Active development by this 
began in March, 1907, but copper wi 
duced imtil after the smelter, built b 
pany at Thompson, 16 miles from 
was blown, on January 6, 1912. Tt 
ment work done by the company i 
23,107 feet at the end of 1914. 

The mine yielded 98,912 tons of o 
114,854 tons in 1913, and 75,038 toi 
The total production aggregates 28J 
which averaged 2.75 per cent of co 
estimate of the ore reserves availat 
was made by the company's engin 
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vs:^ 1,074,635 tons, assaying 3.95 per cent of 
pper; 92,000 tons, assaying 2.38 per cent of 
pper; and 100,000 tons, assaying 1.90 per 
it of copper. 

On account of the break in the price of cop- 
r during the early months of the European 
r, the mine and smelter were forced to shut 
rni in the middle of October, 1914. They 
Qained idle during 1915 and 1916 but re- 
3ned in 1917. 

rhe mine is developed principally by cross- 
j tuimek, the upper one of which cuts the 
) zone at a depth of 90 feet. The main 
mel, known as No. 4, is at an altitude of 
'96 feet; it cuts the ore at 1,200 feet from 
) portal and attains a depth of 410 feet be- 
r the outcrop. The ore is hauled out of the 
lie by electric traction and delivered to an 
ial tramway, 6,250 feet long, which cou- 
nts the mine with the railroad at Mason. A 
aor level, 70 feet below No. 4 timnel level, 
} also been opened. The ore zone has 
thcr been explored by diamond drilling, 
e shrinkage stope system is the method of 
ning employed; the ground stands Wfell, and 
le timber is required. 

GEOLOGIC FEATURES. 

rhe ore bodies of the Mason Valley mine 
isist of irregular lenses of pyrite and chalco- 
rite in a ganguo of p^TOXcne and garnet, 
esc lenses occur in a ganietized zone which 
\ between a footwall of folsite tuff-breccia 
1 andesite, and a hanging wall of limestone, 
e ore-bearing zone is about 1,200 feet long 
1 from 150 to 375 feet wide. It is termi- 
:,ed on the north by faults, which have 
)ppod a wedge of granodiorite between the 
zone and the Tertiary rhyoUtes on the 
•til. 

die geology in the vicinity of the mine is 
nplex, as may be seen from inspection of 
ire 7, in wliich the distribution of the rocks 
ihown in considerable detail; its complexity 
lue to the profound metamorphism that lias 
:on place here and to the severe faulting 
it has occurred during several epochs of 
turbance. Tlio most impressive evidences 
metaraorpliisin are the large areas of lini(»- 
no and felsito that have b(»on converted 
npletcly into ganiet and cpidote rocks. 

[ison Valley Mines Co. First Ann. Kept., for the year endwl Dec. 31, 

mi. 



The most important rocks in the vicinity of 
the Mason Valley mine are crystalline lime- 
stones, ranging from fine to coarse grained. 
They are the rocks that have been altered into 
ore in the ore-bearing zone. They strike about 
north and dip 70^ or more to the west. Below 
them he felsites and lime-silicate rocks, prin- 
cipally gametites; and below the gametites 
is thin-bedded black limestone, which strikes 
N. 25^ E. and dips 70*" W. The gametites are 
dense, heavy brown rocks of fine grain; under 
the microscope they are found to consist 
wholly of garnet, whose refractive index (1.81) 
indicates it to be a variety halfway inter- 
mediate between grossularite and andradite. 

Igneous rocks are abundant near the mine 
and comprise a considerable number of types. 
The oldest are the felsites of Triassic age. A 
belt of folsite tuff-breccias, 100 feet wide, 
forms the footwall along the greater part of 
the ore zone. Part of the breccia is composed 
of sharply' angular fragments of felaite, aver- 
aging a quarter of an -inch in diameter and con- 
taining small sporadic phenocrysts of quartz. 
The breccias range in color from white to 
black, and where the fragmental structure is 
not apparent it is impossible to establish the 
identity of the rocks without the aid of the 
microscope. A notable feature of the breccia 
belt is the profoimd metamorphism it has 
undergone from place to place. Large 
amounts of it have been converted to fine- 
grained yellowish-green rocks composed solidly 
of epidote. In places it is obvious that th^ 
transformation has spread out from fractures. 
Toward the south end of the belt the action 
was particularly hi tense, and the felsite breccia 
was converted into a gamet-epidote rock over 
an area of several thousand square feet. 

Other felsites occur below the footwall brec- 
cia. Thin beds of breccia and tuff are inter- 
calated in the gametite and other lime-silicate 
rocks. A belt of felsite is well exposed on the 
road between the office and the powder maga- 
zine; it is a snow-white dense variety, which 
resembles a dense fine-grained quartzite, but 
its analysis, given on page 15, proves its igneous 
origin. 

An irregular mass of porphyry, here provis- 
ionally termed andosite, occurs also in the foot- 
wall of the ore zone. Its irregular shape sug- 
gests that it may be intrusive, but careful 
search failed to reveal any evidence tending to 
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prove or disprove this possibility. The andes- i A belt of granodiorite occurs at the north end 
ite carries numerous phenocrysta of plagio-. of the ore zone, where it is faulted between the 
close in an aphanitic groundmasa; it is pyri-| pre-Tertiary rocks on the south and the Ter- 
tJzed and at the surface is considerably oxi- tiary rhyohtes on the north. Segments ofthe 
dized. Underground this roct is exposed in quartz monzonite porphyry dikes that followed 
the footwall crosscut of No, 4 level, whore it is ■ the granodiorite intrusion are prominent at 
found to bo a moderately dark porphyry show- j the mines and in the surroundmg area and 



FintiRE 7— heologlc map or tbc area siinoiindtng the U-jsod Vallcr mine. 

ing abundant crystals of andosine; it is heavily afford regbtcrs of some of the faultily that has 
pyritized, with the development of epidote, taken place. The quartz monzonite porphyry 
chlorite, and biotite. The andesito clearly dike that crops out strongly in the guUy east of 
came into its present position before the min- tho incline tramway is cut by four small basic 
eralization took place, and the most probable ' dikes, and similar dikes are rather commonly 
conjecture is that it represents a phase of tho i observed imderground, especially in the north 
Triassic volcanic activity, | end of the ore zone. They range in thickness 



[ 
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>m 6 inches to 6 feet. They are later than 
e ore, which they cut, and show a notable 
adency to spUt into branches. They appear 
be of no especial significance and constitute 
much waste rock in the ore. They are prob- 
Ir underground equivalents of the basalt 
ws of the district and are consequently of late 
rtiary ago. 

The most prominent igneous rocks are the 
yolites, which b(^cause of their brilliant color- 
y and sharply eroded forms make a conspicu- 
s element of the surface features at the mine, 
ley are faulted against the rdcks of the ore- 
aring zone; they are of Tertiary age and 
nee of much later origin than the ore deposits, 
ley are therefore of no economic importance 
the exploration of the ore bodies. 
The ore consist^s of chalcopyrite and pyrite 
a gangue of pyroxene, garnet, and calcite. 
10 pyroxene is by far the dominant gangue 
ineral, making up more than 75 per cent of 
e ore; it is a grayish-green variety halfway 
termcdiato in composition between diopside 
id hedenbergite, as shown by its analysis on 
Lge 32. It is lamellar in habit and commonly 
nns radial groups 2 or 3 inches in diameter, 
ough groups 10 inches across are observable 
>re and there. The garnet, which proves to 
) andradite, appears to occur principally on 
e edges of the ore lenses. It is notably true 
at the great masses of barren lime-silicate rock 
sociated with the ore bodies are highly gamet- 
irous; in fact, they are essentially game tites. 
licknesses of over 100 feet of such barren 
ixnetite are shown in the footwall crosscuts 
L No. 3 level. 

Other minerals occurring in the sulphide ore 
e actinolito, calcite, clJorite, quartz, and mag- 
tito. The actinolito forms the dense dark- 
ecu gangue rather characteristic of the Mason 
alley ore; the calcite is invariably present 
a minor interstitial component; the chlorite 
id quartz are recognizable only under the 
icroscope; and the magnetite is an infinitcsi- 
al constituent. 

Tlie ()xi(liz(Ml ore consists of cuprite, native 
»p])er, azurite, nialaeliitc^ and chalcanthite, 
i<;ether with ^1>snm and liniouite and partly 
MX)inpos(Ml pyroxeni^ and garnet. Oxidation 
IS locally exteiKhnl as deep as No. 3 L^vel, ])ut 
le prinei])al Ixxlies of oxidized on) occur nearer 
le surface. Sulphides, in fact, occur in the 
it crop. Some small amount of enrichment 



by secondary sulphides has taken place, chiefly 
by the development of covellite. Oxidation 
and sulphide enrichment have been restricted 
to zones of postmineral fissuring; they have 
been retarded by the presence of calcite and the 
imperviousness of. the pyroxene gangue. Off- 
setting the presence of tiie calcite, however, is 
the prevalence of pyrite, which has yielded suf- 
ficient sulphuric acid to sulphatize the calcium 
carbonate. This reaction accounts for the high 
gypsiun content of the oxidized ore; and the 
abundance of this comparatively soluble mineral 
proves the sluggish and ineffective lixiviation 
of the oxidized zone. The presence of chal- 
canthite in minable quantities is of course a 
testimony of the extreme aridity of the recent 
(post-Lahontan) climate. 

The ore-bearing zone trends north and dips 
steeply to the west; it is 1,200 feet long and 
from 250 to 375 feet wide. On the north it is 
f ault-ed against granodiorite, which lies as a 
narrow wedge between it and the Tertiary 
rhyolites. The footwall of the ore zone is the 
felsite tuff-breccia; its dip from the surface 
down to No. 4 level averages 70^ W., but below 
this level it either flattens considerably or is 
displaced by a flat-lying fault. The hanging 
wall is marked by a zone of fissuring and crush- 
ing, dipping 75^ W.; in places the shattered 
and broken limestone attains a width of 50 feet. 
The general structural relations at the mine are 
shown in figure 5 (p. 37), which is a section 
through tunnel No. 4, making an angle of 60^ 
with the trend of the ore-beariog zone. The 
quartz monzonite porphyry dike is cut at right 
angles to the line of the section, so it is shown 
with its normal dip; the two basic dikes, how- 
ever, make large angles with the line of the 
section, and their dips are consequently shown 
flattened to half their real amount. A belt 
of felsites, 80 feet wide as exposed in tunnel 
No. 4, hes immediately under the footwall but 
is not shown separately in the figure. 

The general northerly strike of the footwall 
of the ore-bearing zone is broken near its south 
end by a fault striking N. 40° W., whereby 
the southern extension of the ore zone was dis- 
placed about 125 teetsouthwestward, as deter- 
mined by the mapping of the surface geology. 
(See fig. 7.) This faulting occurred before the 
[ ])riniary minertilization took place, and this 
fact has a bearing on the exploration for new 
ore bodies, as is ])ointc(i out on pages 35-37. 
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Postmineral disturbance has occurred along 
the f ootwall fissure of the ore zone and has pro- 
duced considerable crushing, which is well 
shown on No. 1 level and the 170-foot sublevel 
below it. This crushing has faciUtated the 
oxidation to greater depth and thoroughness 
than is common in the mine and accounts for 
the occurrence of high-grade oxidized ore f oimd 
in the so-called east ore body. 

The ore zone is made up of the ore bodies, 
pyroxene and garnet masses, and limestone, 
llie ore bodies on the hole are situated nearer 
the hanging-wall fissure; below them — that is, 
toward the f ootwall — are great masses of barren 
garnet rock, attaining thicknesses as great as 
200 feet. These relations are well shown in 
figure 5; the positions of ore and garnet rock 
are shown only for the different levels, as lack 
of data did not admit of their representation 
for the intervening space. 

The ore bodies are irregular masses and 
lenses of irregular copper content. They grade 
into lean pyroxene rock, or into barren garnet 
rock| or into limestone. The transition from 
ore to pure limestone is as a rule extremely 
abrupt. The • limestone adjoining the ore 
shows no coarsening of its grain ; in this respect 
it contrasts with most ore deposits of siinilar 
type, in which proximity to ore is indicated 
by the increasing granularity of the inclosing 
limestone. Many of the ore lenses are of 
great size; and as the ground stands well after 
extraction of the ore large chambers have 
resulted, some being 100 feet long, 30 to 50 
feet wide, and 50 to 60 feet high. The largest 
ore bodies occur on No. 3 and No. 4 levels; on 
No. 3 level the ore is practically continuous 
for a length of 800 feet. The copper content 
is erratic, however, and it is obvious that, as 
in most other contact-metamorphic ore de- 
posits, it would be diflicult to estimate the cop- 
per content with much accuracy in advance of 
exploitation and extraction. The ore so far 
developed on the 470-foot level is mainly lean 
garnet-pyroxene rock. • 

The main outcrops of the Mason VaUey ore 
bodies are near the north end of the ore-bearing 
zone. Toward the south end outcrops of ore 
or other indications of ore are insignificant, 
yet as shown by the underground development 
laige ore bodies occur below what on the surface 
is nothing but pure limestone. 



In recent years an ore body was disco vc 
in crosscutting east from the lime stope ab 
No. 1 tunnel level, which is called the east 
body. Being somewhat closer to the fel 
footwall than the ore bodies occurring in ot 
parts of the mine, it lies somewhat to the < 
of them. A footwall crosscut was driven < 
from plug 373 for a distance exceeding 200 : 
on No. 3 level, all in gametiferous rock, in 
endeavor to prove the downward extensioi 
the east ore body. In this part of the mine 
footwall of the ore zone is disjrtaced about 
feet to the southwest by a premineral fa 
therefore, inasmuch as in the rest of the n 
the ore tends to occur between the limest 
and the gametiferous zone that hes on the f ( 
wall, the ore zone in this part of the mine ou 
here to bend rather abruptly southwestwi 
Accordingly, crosscuts driven westward fi 
this footwall crosscut will explore a consider! 
block of ground in which masses of ore are hi 
to occur. 



The Malachite mine adjoins the Ma 
Valley mine on the south, and its worki 
connect with those of the 300-foot level of 
Mason Valley mine. The geology of 
vicinity of the portal of the main tunne 
shown in figure 7. The fault cutting off 
quartz monzonite porphyry dike at the m 
timnel is well exposed at the surface and sh( 
that the porphyry has been altered largely 
epidote for a distance of 20 feet from the fa 
The principal ore shoot has mineralogic f 
tures like those of the ore in the Mason Va 
mine, consisting of pyrite and chalcopyritc 
a gangue of grayish-green lamellar pyroxc 
with subordinate brown garnet. 

In addition to the ore found in the south 
extension of the Mason Valley ore zone, sc 
bodies of cupriferous lime-sihcate ore h 
been explored that occur on the low ridge 
the east side of the road to the McConneU m: 
They are situated along the contact of fel 
and gray Uniestone. 

McCONNELL MHTE. 

The McConneU mine, owned ])y i^e McC 
neU Mines Co., is on the east flank of the rai 
about a mile southwest of the Mason Va[ 
mine. The main workings consist of a h 
open cut or glory hole, the ore being taken 
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vo tunnels, the lower of which 
epth of ahout 100 feet below the 

A vertical shaft 400 feet deep 
int and levels turned at depths of 
) feet. 
>n began in March, 1912, at the 

tons daily and continued until 

1913. The output aggr^ated 

i of ore, averaging slightly more 

cent of copper. The ore carries no 

ver. 

B 13 situated in the thick belt of 
(tending southward from the Mason 



e and is a few hundred feet east of 
monzonite. The hill west of the 
>ring the area lying between the 
he quartz monzonite, has been con- 
dly into garnet. In this massive 
rt'Bs found the Hahbia-li'ke fossQ 
euce indicates a Triassic age for the 

s in the immediate vicinity of the 
mostone, Triassic andesite, and Ter- 
It. (See fig. 8.) Intense faulting 
;rnl as well as postinincral origin 
cated the mutual relations of these 



rocks. The artdesites are separated from the 
garnet mass, in which the ore body is inclosed, 
by a fault trending east and dippii^ 65° S. 
They are fine-grained black rocks of obscurely 
porphyritic character and have been consid- 
erably recrystallized as a result of thermal 
metamorphism. Under the microscope thfey 
are found to consist largely of plagioclase and 
hornblende. As seen in the mine workings 
they show in addition the effects of intense 
crushing and shearing, and in consequence of 
the fissile structure they have assumed they 
are locally known as shales. 

A portion of the basalt capping that overiies 
the mesa east of the McConnell mine has been 
faulted against the limestone in proximity to 
the ore body. The faults are well exposed in 
the upper and lower tunnels. The fault seen 
in the upper tunnel is a sharply defined plane 
trending N. 15° W. and dipping 54" W. 
The basalt (the footwall country rock) is con- 
siderably shattered near the contact, and the 
overlying limestone is brecciated for more than 
20feetfromthecontact. Thefaultshowsonthe 
200-foot level also, but here it has passed 
through the basalt, and the afidesites adjoin 
the limestone. These relations are shown in 
figure 4 (p. 29). The fault is a reverse fault, 
whose dip slip is at least 150 feet. The 
appearance of the andesites on the 200-foot 
level means either that the dip sUp greatly 
exceeds 150 feet, or that the movement along 
the fault plane had a large horizontal com- 
ponent. On the surface the shifting of the 
contact of andesite and hmestone by this fault 
amounts to 500 or 600 feet. The side of a 
separate mass of basalt is partly exposed in 
the south wall of the glory hole. It is better 
shown on the level of the lower tunnel, where 
it is found to be a brecciated mass at least 180 
feet long and 30 feet thick- It is bounded on 
the north bj' a steep fault and on the south by 
a fault dipping 70° S. Later than this fault- 
ing is a vertical fault trending N. 60° E., whose 
slickenaide<l surfaces are conspicuous features 
of tlie McConnell glory liole. The displace- 
ment along this fault is small, however. 

The ore body is elliptical in plan. At the 
outcwp the major axis measured 400 feet and 
the minor axis 80 feet; on the lovol of the 
upper tunnel, which attains an average deplh 
of about 40 feet below the outcrop, the dimen- 
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siona were respectively 250 feet and 50 feet. 
Relatively little ore has so far been found on 
the lower levels. 

The primaiy ore consists of chalcopyrite 
and pyrite in a gangue composed mainly of 
amber and pale-brown garnet. A light^^oen 
amphibolei pyroxene, and calcite occur as sub- 
ordinate components. The croppings were 
highly oxidized, and the copper was present 
chiefly in the form of chrysocoUa and malachite. 
Partly altered nuclei of chalcopyrite are pres- 
ent, however, in otherwise strongly oxidized 
. ore. As a rule the oxidized ore is thoroughly 
permeated with gypsum, and this feature is 
especially marked in the vicinity of residual 
chalcopyrite, where there are not uncommonly 
plates of gypsum, as much as an inch in diame- 
ter and one-quarter of an inch thick, which 
have grown in the body of the ore. The area 
of garnet rock is considerably larger than the 
outcrop of the ore body, which is situated be- 
tween the limestone and the barren part of 
the garnet mass. 

The origin of the McConnell ore body appears 
to be connected with the fault that separates 
the andesites from the limestone belt. In 
places the limestone shows that the garnet and 
amphibole developed along fractures; and it is 
probable that the metaUiferous solutions 
ascended along the fault and replaced the 
brecciated limestone adjoining it. Generally 
the replacement has been so complete that 
little evidence of its mode of operation remains. 

The Red mine, which belongs to the McCon- 
nell Mines Go., is a few hundred yards southeast 
of the McCJonnell mine. Here was worked a body 
of oxidized ore, which was inclosed in limestone 
at the quartz monzonite contact. Intense 
crushing produced by postmincral dynamic 
disturbance has affected the deposit. The end 
of the lower tunnel follows a well-defined fault 
striking north and dipping 70° E. This is the 
fault that separates the quartz monzonite from 
the limestone, but a dike of andosite charac- 
terized by lustrous homblejidc prisms has 
been intruded for some distance along the fault. 
Under the microscope the andosite shows 
phenocrysts of hornblende in a fluidal gi*ound- 
mass of slender plagioclase prisms; and these 
features leave little doubt as to the identity of 
this rock with the hornblende andosite that is 
common as a surface flow rook in the northcm 
part of the district. Subsequent movement 



along the fault surface has profoimd! 
the dike, and much of the shiny go 
acteristic of the mine, is sheared dike 
has been stained deep red by the i 
of iron oxide. 

WBSTERir NEVADA MOTE. 

The Western Nevada mine is at tl 
a narrow canyon in the east flank of th 
Range, near the south end of the mi] 
The muie has never shipped any ore 
a considerable quantity has been exti 
thrown on the dump. In March, 
property was merged with that of th 
Douglas Copper Co., fonning the 
Douglas Consohdatcd Copper Co., a 
development and exploitation wen 
plated. 

In addition to a number of short 
the outcrops, the nunc is opencc 
principal adits, of which the lower 
adit, 140 feet below the upper, atta 
tical depth of 235 feet below the top 
in which the ore bodies he. This ad 
feet long and strikes N. 50® W. ; fron 
tensive system of drifts extends nortl 
ploring an area of pyroxenic and gar 
rocks in which the principal ore si 
closed. From this level a winze, 300 
was simk, and the ore shoot was ci 
the "300-foot'' and "400-foot" level 

The ore bodies and their associat 
rocks occur in a thick belt of Umestoi 
on the west against quartz mon: 
block of the Triassic andesites has be 
against the limestone at the mine, 
adit, commencing in these andes 
through 300 feet of them, then thrc 
sihcate rocks, and again through 
finally penetrating the quartz monzoi 
hist few hundred feet of the adit : 
thoroughly crushed andesite (loca 
"shale"). The cause of this crushed 
becomes plain fi'#m a consideration < 
face geology, from wliioli it appear? 
course of the adit trends at a narrow 
the fault contact of tjic limestone and 
ites. The adit is now caved at 830 
the portal. Ransome, who examinee 
when the face of the adit was accessi 
that the quartz monzonite contact 
; faulting, the fault ])lane dipping 54 
! cording to the same authority the ha 
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roken, but no mineralization has 
I along the fault. About 100 feet 
lult there is a fissure trending nearly 
I is partly filled by a quartz vein 
Tite but no constituents of value, 
ips 35° E. It is probably younger 
)rif erous ore bodies in the limestone, 
was not certainly determined. 
s scattered bodies of ore, generally 
20 feet long and treniUng parallel 
ification of the inclosing limestone, 
a the surface cuts and winzes at the 
he hill. These ore masses are most 
ear the saddle overlain by the hori- 
t of Tertiary basalt. The copper 
ated with radial lamellar pyroxene, 
,, or with both minerals; it is as a 
oxidized, consisting of gossany 
3tted with veinlets of chrysocoUa 
or less gypsiferous. One outcrop 
)t and other siUcates extending con- 
»r a length of 100 feet and expanding 
) to a width of 20 feet. 
3hoot explored on the level of the 
is about 200 feet long and trends 
It ranges from 2 to 6 feet in width 
es from 2 to 3 per cent of copper, 
hment by supergene sulphides has 
5, and chalcanthite is even now in 
formation by the feeble percolation 
ig solutions. Toward the north this 
. off by a fault along which an imu- 
example of a Umestone attrition 
te has been produced, 
consists of chalcopyrite and pyrite 
in an intergrowth of pyroxene and 
L interstitial calcite. The pyroxene 
y^ish green, occurs in radial lamellar 
1 dense fine-grained aggregates, and 
' the predominant gangue mineral. 
, which is of the andradite variety, 
n brown to amber and commonly 
stal faces of dodecahedral and 
ral liabit. LocaU|^ these minerals 
1 to cldorite, amphibole, and scrpen- 
lis action has not been extensive or 
■^ significance. 



GREENWOOD PROSPECT. 

inwood prospect is 1 mile northeast 

at an altitude of 6,000 feet. The 

evelopments consist of an inclined 

h is cut by a tunnel 150 feet below. 



The general country rock is gametite, which is 
traversed by a thick dike of quartz monzonite 
porphyry. The dike makes a rather abrupt 
bend in its course through the property, as 
shown in Plate I; and near tins bend bunches 
of chrysocolla and copper pitch ore with 
subordinate malachite are foxmd on both 
sides of the dike. The primary sulphide is 
chalcopyrite, but this has mostly been oxidized 
to the minerals mentioned; the gangue is 
mainly andradite garnet, with minor quartz 
and epidote. 



LVDWiQ xnrx. 



GENERAL FEATURES. 



The Ludwig mine, around which the small 
settlement of Ludwig has grown, is on the west 
slope of the Singatse Range at the edge of 
Smiths Valley. The mine was opened ia 
1865 on oxidized copper ore lying in the foot- 
wall of the primary deposit, and a shallow 
tunnel was driven for 500 feet on the strike. 
Considerable bluestone was produced for the 
reduction works on the Comstock lode. In 
1907 the mine was acquired by the Nevada- 
Douglas Copper Co., which commenced ener- 
getic operations in both the primary and the 
derived ores. The production from December, 
1911, to August 1, 1914, was 125,689 tons of 
ore averaging 6 per cent of copper. 

During the later part of 1914 experimenta- 
tion was actively in progress to devise methods 
to treat the ores of the Nevada^Douglas Cop- 
per Co.'s mines — the Ludwig, Douglas Hill, 
and Casting Copper — ^by a leaching process. 
The plan under trial was designed to utilize the 
heavy pyritic ore of the primary ore body of 
the Ludwig mine to furnish the sulphuric acid 
required to leach the oxidized ores of this and 
the other mines. As a result of this experi- 
mentation a mill having a daily capacity of 250 
tons was built at Ludwig during 1915. 

The mine is worked principally through an 
inclined shaft situated near the north end of 
the lode. This attains a vertical depth of 678 
feet. Eight levels extend from it along the 
strike of the lode, and the lowest level is known 
as the ^'800." An old vertical shaft 400 feet 
deep serves as an auxiliary entrance and in 
1914 was used in exploiting the secondary ores 
occurring in the limestone footwall of the 
primary deposit. 

The Ludwig deposit is essentially a replace- 
ment lode developed along the faulted contact 
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<rf ft masfflTe limestone and an overlying series 
of gametjtes and felsites. The fissuring along 
which the ore-forming solutions rose coincided 
approximately with the bedding plane between 
the footwall limestone and the dense gametite 
that forms the hanging wall of the deposit. 
The salient features of the lode are well shown 
at tlie vertical shaft — the dense garnetite hang- 
ing wall, the bold quartzose iron-stained crop- 
pings, the footwall of white limestone in which 
occur more or less discrete pyritic lenses, and 
the irregular bodies of copper pitch ore in this 
footwall limestone. 



accessory minerals practically proves that the 
quartzose gossan is the oxidized equivalent 
of the silicified and pyritizod porphyry. It is 
beheved that the porphyry, which by its 
alteration gave rise to the quartzose gossan, is 
mainly faidt material dragged into the zone of 
fissuring. 

The quartz outcrop formerly contained much 
cubical pyrite, as is shown by the many casts 
of this mineral and the prevalence of iron 
oxides. 

The footwall of tho lode is a coarse crystal- 
line white limestone, which is approximately 



DETAILS OF THE CEOLOOY. 

The prominent iron-stained quartz outcrop 
of the lode extends 600 feet south of the 
vertical shaft, ranging in width from 20 to 60 
feet. The quartz mass is fine grained, wholly 
unlike the quartz of veins that fill fissures, and 
its general appearance strongly suggests the 
silicified porphyry that is found on the lower 
levels of the mine. Under the microscope tho 
siliceous material of the outcrop is found to 
consist mainly of quart/,, together with a little 
chalcedony and opal and the accessory minerals 
garnet, apatite, and zinon. As will be seen 
from the description of tho altered porphyries 
found undei^round the presence of these three 



170 feet thick. It is underlain by a gypsum 
bed, from which, as seen underground, it is 
separated by a fault breccia containing a 
considerable proportion of quartzite fragments. 
This breccia is locally known as the "con- 
glomerate," probably because of the partly 
rounded condition of the limestone fragments 
it contains. So severe has the dynamic dis- 
turbance been that blocks of limestone have 
been split in two, and gouge filled with small 
angular fragments of quartzite has been 
squeezed into tho fissure. The footwall hme- 
stone, although on casual inspection apparently 
a single massive bed, contains some thin strata 
of dark-^ray Umestone, and these serve as 
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r^;isters of the remarkable internal disttirb- 
ance to which the main stratum haa been sub- 
jected. Reverse faults, with displacements 
ranging between 5 and 6 feet, are shown, and 
sharply angular fragments of the dark^ay 
limestone are embedded in the white limestone 
at considerable distances from their place of 
derivation. 

The hanging wall of the lode, as seen at the 
surface and on the upper levels, consists of 
fine-grained lime-siUcate rocks resulting from 
the metamorphism of a series of thin-bedded 
limestones. Their mineral makeup is not 
readily recognizable by the unaided eye, but 
under the microscope they are found to be 
composed principally of garnet. A specimen 
from the 100 level is a dense aphanitic gar- 
netite composed almost wholly of a garnet 
intermediate between grossularite and andra- 
dit«. In the 700 and 800 levels the hanging- 
wall rock as seen near the shaft is a handed 
felsite, more or less altered by pyritization 
and the development of garnet, epidote, and 
pyroxene. 

The fault slong which the lode occurs trends 
parallel to the formation and dips on the aver- 
age 70° E. The average dip is apparently a 
little st«eper than that of the stratification, 
which ranges from 60° to 65° E., and this sup- 
position is strengthened by the fact that the 
litholc^c character of the hanging wall changes 
in depth. The fault is well shown underground 
along barren stretches of the lode, along which 
^ the limestone lies directly against the gar- 
netite hanging wall. It is excellently exposed 
on the 100 level, north of the vertical shaft, 
where it can be seen that the movement on 
the fault surface was mainly horizontal. The 
limestone in proximity to the fault at many 
places in the mine is tremendously shattered 
and hrecciated, forming breccias as much as 
- 80 to 100 feet thick. 

Some postmineral faulting has affected the 
lode. At the vertical shaft a fault cutting 
the lode at right angles and dipping 70°-80° 
N, has displaced the lode about 50 feet hori- 
zontally southeast. 

Porphyry dikes are common at the mine. 
One of these, which is over 100 feet thick, 
forms the hanging wall of the fissure north of 
the shaft; its course is shown on the geologic 
map (PI. I), which shows also the interesting 
faulting to which it has been subjected. This 



porphyry contains phenocr^ts of pearl-gray 
orthoclase, of plagloclase, and of hornblende. 
In the mine workings are found dikes of this 
character, and also porphyries especially char- 
acterized by the prevalence of rounded pheno- 
crysts of quartz. The dikes of both kinds are 
much shattered. A short distance south of 
the south end of the quartz outcrop of the lode 
a large fragment of shattered porphyry, evi- 
dently fault drag, is inclosed in the fault zone 
along which the lode originated. 



The iron-stained cellular siliceous matter 
of the outcrop extends down to the 500 and 



FiauRE 10. — Oeolcgio secUon aerasa tba Ludvig loda 3X feet KQtb- 
wesl of the vertical ihaft. a.Limatoiie; ft, quortiOM pBSan; c, 
garnetlt«: if, porpbyry; !. bcavy sulphide Dni;/,p7Tlt!Hd and idUclBwI 
quorti pi^hyry; ff, UmestDne fault breoda. 

600 levels with little change of character. 
Along dip and strike, however, the dimensions 
of the gossan are markedly irregular, as shown, 
in two cross sections of the lo<le, 320 feet apart 
(figs. 9 and 10). 

The oxidized ores occur principally in the 
foot wall limestone in extremely irregular bodies 
ranging from circular pipes to fairly persistent 
tabular masses. The ore consists largdy of a 
red dish-brown aphanitic substance, copper 
pitch ore. It averages about 15 per cent of 
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copper. ChryBOColla and cuprite occur in 

^' miQor amounts and are the only definite cop- 

^ p^ minerals recognizable in the ore now seen. 

Fonnerly carbonates were abundant. The ore 

shows a rather well-defined layering parallel 

to.the inclosing walls, and much of it plainly 

fills scdution cavities in the limestone. The 

main €>cciirrence of ore of this kind is in the 

* footwall limestone in the vicinity of the ver- 

• tical shaft — that is, near the postminenil cross 

fault already mentioned. 

The copper of this secondary ore was evi- 
dently derived mainly from the siliceous gossan 
during its oxidation. The solutions that orig- 
inated during this process tended to migrate 
into the footwall of the lode, and this tendency 
was augmented by the cross faulting and the 
shattering that accompanied this faulting. 
Once in this calcitic environment the copper 
was eventually precipitated as carbonates and 
chiysocolla. 

Chalcocitized ore first appeared on the 500 
level, the depth at which the water level was 
reached. Stopes on ore of this kind were 
worked on the 600 level, but below this the 
ore is mainly of primary origin. The secon- 
daiy sulphide has formed chiefly at the expense 
of the chalcopyrite in the primary ore. Gyp- 
gum is common in the enriched ore. A no-> 
table example of this is the ^'selenite stope*' 
on the 600 level, where the gypsum is crys- 
tallized in fine long prisms, which attain excep- 
tionally a length of 8 inches. 

Although primary ore predominates below 
the 600 level, some bodies of rich oxidized ore 
liave been foiuid even in the bottom .level, 
consisting of coarsely crystalline cuprite partly 
mixed with native copper. They apj>ear to 
have been localized along exceptionally favor- 
able channels for downward-moving waters. 

The primary ore, as seen on the 700 and 800 
levels, consists largely of pyrite in a gangue of 
quartz, caloite, and andradite garnet. Chal- 
Gopyrite is a subordinate constituent, but in 
general no copper-bearing mineral is recog- 
nizable by the unaided eye. The ore is re- 
ported to average 2 per cent copper, and a 
body of this grade ranging from 50 to 100 
feet wide, is exposed on the 800 level. In 
tbis body the gametiferous quartz-pyrite ore, 
canying coarse calcite as a minor constituent, 
grades toward the footwall into a heavy pyrite 
(^ with calcitic matrix. The p3rrite has 



obviously replaced the cement of the li 
breccia that resulted from the faultin 
took place along the contact of the li 
and the overlying rocks. The chari 
the primary ore differs somewhat fro 
to place. On the 700 level the ore 
of pyrite in large cubes, some as muc 
inch in diameter, inclosed in coars 
quartz with which is mingled some 
calcite. In addition to these varietie 
there occur large p3'ritic masses deriv 
the mineralization of quartz porphyr 
These dikc\s are netted with quartz 
and have been so intensely silicified tl 
the quartz phenocrysts have romainec 
In places they have also been metamc 
by the development of garnet and epi 
alteration that has spread out from 
of quartz, calcite, garnet, p^Toxene, an( 
These features are well shown in t 
hanging-wall crosscut on the 700 Ic^ 
on the 600 and 500 levels. The mos 
unaltered porphyry was found on 
level near plug 518, and this prove 
quartz monzonite porphyry containi 
radic large orthoclase crystals, sma] 
more abundant plagiodase crystals, ai 
erous corroded quartz crystals, which 
most conspicuous phenocrysts. The 
tions shown in the drifts near plug 611 p 
give a clearer idea of the relation of 
phyry dikes to the mineralization thai 
obtained anyrii'here else in the n 
number of narrow dikes cut the limestc 
the margins of the dikes have been 
brecciated, and the breccia is ceme: 
garnetiferous calcite-pyrite veinlets. [ 
phyry fragments have been altered 
easy recognition, and it is manifest thi 
brecciation has been more extensive 
mineralization more profound, as on 
level, it would be impossible to disc 
between niineraUzed limestone and niii 
porphyry. The recognition of silicil 
ritized porphyry derived from porph] 
contained no quartz phenocrysts, like 
the thick dike occurring in the hang 
of the lode, would be especially 
SUicified and pyritizcil porphyry of t 
so well shown on the 500, 600, and 7( 
is probably the material from which 
ceous outcrop of the Ludwig lode wuj 
derived, as well as the great bodies of 
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iceous gossany material that extend down 
the 600 level. The pyritic bodies derived 
>m the metamorphism of the porphyry dikes 
3 too low in copper to be ore. 
[n places the hanging wall of the lode is cut 
quartz-gamet-sulphide veinlets. At the 
tcrop veinlets composed of quartz prisms 
d garnet dodecahedrons and carrying a little 
rysocoUa traverse the brecciated gametite 
joining the quartz outcrop. Underground 
9 penetration of the hanging-wall rocks by 
inlets composed of quartz, calcite, garnet, 
d pyrite is well shown in a number of cross- 
ts. Near the shaft on the 700 and 800 
rels the felsite hanging wall is cut by coarse 
inlets of quartz, epidote, garnet, and pyrite. 
croscopic examination shows that the felsite 
s been partly replaced by garnet, pyrite, 
Icite, epidote, and pyroxene. 



OTP8UM DBFoarr. 



The large deposit of gypsum occurring on 
e property of the Nevada-Douglas Copper 
K has been extensively quarried just north 

the Ludwig shaft. The gypsum, as first 
oved by A. F. Rogers,* has resulted from the 
dration of anhydrite. This is excellently 
own on the 400 level of the Ludwig mine, 
lere a crosscut has been run into the deposit 
r a distance of 100 feet. The gypsum bed, 

previously described, is separated from the 
ick Umestone belt formiiig the footwall of 
e Ludwig lode by a fault breocia containing 
numerable quartzite fragments; underlying 
is breccia is 10 feet of fine-grained gypsiun 
lich grades rather abruptly into hard, mas- 
re, coarsely granular anhydrite. The geo- 
^ic relations are shown in figure 9 (p. 59). 
The quarry was operated from November, 
11, to the middle of September, 1912, and 
iring that time about 75 tons a day was 
ipped to the Western Gypsum Co. at Reno, 
?tv. Since then it has lain idle. The gyp- 
m is reported to have averaged 96 per cent 



iro. 



DOXJQLAS HILL MnfTE. 



The Douglas Hill mine, owned by the Ne- 
.da-Douglas ConsoUdated Copper Co., is on 
e summit of the ridge known as Douglas Hill, 
st of Ludwig. The workings consist princi- 
-lly of tliirteen large pits from which the ore 
IS taken out through tunnels, the lowest of 

» Eoon. Geology, vol. 7, pp. 185-189, 1912. 



which — the main haulageway of the mine — at- 
tains a depth of 120 feet below the crest of the 
hill. The production since December, 1911, has 
been 68,905 tons of ore carrying 5 per cent cop- 
per. In 1 9 1 4, however, the mine was idle. At 
the time it was shut down, pending the constmc- 
tion of the leaching plant at Ludwig, the mine 
was furnishing 50 tons of 5 per cent ore — 5 
per cent being the minimum percentage at 
which it was profitable to ship ore to the 
smelter. 

The ore forms irregular lenses in an inmiense 
mass of andradite garnet, which caps the 
smnmit of Douglas Hill, This great body of 
garnet resulted from the replacement of the 
massive limestone lying above a stratified 
series of fine-grained gametites. The foot- 
wall of the ore zone is a belt of breccia, prob- 
ably 20 feet thick. This breccia is composed of 
fragments of a dense aphanitic gametite which 
are cemented by coarse euhedral yellow garnet. 
The garnet of the fine-grained rock, as shown 
by its refractive index (1.75), is a nearly pure 
grossularite; the garnet of the cement, as 
shown by its index (1.87), is a nearly pure 
andradite. The breccia structure — that is, 
the inclosure of sharp angular fragments of 
gametite in coarsely euhedral garnet — ^is as a 
fule excellently shown; in places, however, the 
cement, the secondary garnet, appears to form 
an imusuaUy large proportion of the rock mass, 
but this is imdoubtedly due to the replacement 
of limestone that was originally present in the 
breccia. Chalcopyrite occurs sporadically in 
the cement. 

The andradite of the ore-bearing zone is 
characteristically coarsely faceted and has a 
notably fatty or adamantine luster; and in 
these respects it contrasts strongly with the 
fine-grained gametites, which obviously origi- 
nated at an earher epoch of metamorphism. 
Although the ore-bearing zone consists largely of 
andradite with locally some epidote and pyrox- 
ene, yet the surface exposures as well as the mine 
workings disclose sporadic residual masses of 
pure limestone, though even some of these are 
penetrated by stringers of garnet. In figure 
1 1 the areal geology of the Douglas Hill mine 
is shown, and this map brings out clearly the 
erratic distril)Utioii of the ore lenses in the 
andradite rock, as indicated by the many pits. 

The ore is predominantly oxidized; chryso- 
coUa and copper pitch are the principal min- 
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wals. Brodumt^ in smaQ emerald-^;reen gametites probably indude dinozoisite-vesuvi- 
^assy prismB and mBlachite occur ' subordi- anite rocks and allied varieties, as shown in the 
nately. Chalcopyrite is the main primary detailed section of the rocks at Ludwig, but 
sulphide, pyrite occurring in traces only. except for one specimen, which proved to coo- 

In places considerable postmineral move- sist wholly of garnet crowded with carbona- 
ment has crushed and brecciated the garnet of ceous matter, they were not examined mii-ro- 

scopicaJly. 

The limcstono is the productive rock; it has 
been replaced by coarsely crystalhne garnet 
for a length exceeding 400 feot along the strike 
of the fault and for a width in places of 150 
feet, Tho garnet rock of the ore-bearing zone 
ia of highly distinctive appearance, consisting 
of notably lustrous resin-yellow andradite gar- 
nets, as a rule distinctly crystallized according 
to the conmion dodecahedral habii; and sur- 
rounded by paler andradite, which is generally 
less distinctly faceted than the resinous garnet. 
A little calcito, 1 or 2 per cent, occurs inter- 
stitially between the gamot crystal'). Along 
tho fault contact the black gametites have 
been slightly shattered, and the angular frag- 

° ■ ■ 1 ■ sjoFew mente are outlined by the thin veinlets of well- 

Fnituu.— AnaigeoiagTstuieDoagiuHiitiBiiM. crystallized yellow garnets that surround them: 

„ , , the evidence of two distinct periods of gameti- 

the ore-beanng zone. Locally wme downward ^.tion U weU shown in thL, mine. The contact 
s,ilphide ennchnient haa taken pace, con- between the ore-bearing garnet masses and the 
troUed possibly by the postmmeral crushmg „„^i„ hmestone is highly irregular, and veins 
J ,ist referred to ; the ore known at the mme a.-, „^ ^^^hea ot .olid garnet are most erratically 
•apotorewaa an example of an unusuallyhigh- ji,tributed through the Umestone adjoining 
grade chalcocitized or*, carrymg as much as 15 f^^ ^j^ „, masses, 
yer cent of copper. 'Ihe deeper workmgs, j^^ „^ ^^^ ^^ ^„„,j^^ „( , j ,,^ 
kowever, show htUe evidence of enrichment. „^^ -^ reported to have been 120 foot long 

and 40 feot wide on the upper levels and to 



CABTOCO OOPPSa HIHZ. 



The Casting Copper mine, which is owned by 

■the Nevada^Douglas Consolidated Copper Co., 
■is just south of the town of Ludwig. It is 

developed principally by a shaft 350 feet deep. 

~ rhe production up to August 1, 1014, was 

29,241 tons, aver^ng 5 per cent of copper. 

_A11 ore has come from above the 200-foot level, 
and the greater part of it has come from the 

lai^ J^ory hole, wliich is the prominent 
feature of the surface workings of the mine. 
The ore-bearing zone hes along a fault that 
has caused a series of stratified black gamet- 
ites to abut against massive Umestone, as liave averaged 6 per cent of copper. At the 
shown in figure 12. The gametites are dense, time of visit tho stopos on this lens had been 
fine-grained rocks which are distinctly hcthlod carried down within 35 feot of tho 200-foot 
in relatively thin strata; the hmestone is level. Tho ore body is narrow hero, averaging 
coarsely crystaUine and obscurely bedded, a few feet in width. The ore consists of partly 
The rocks here referred to for convenience as enriched chalcopjTite inclosed in a gangue of 
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arod garnet and pyroxene and permeated 
rh a considerable amount of gypstmi. The 
body is wholly iqclosed in massive lime- ■ movtaha-txribotov mibx. 

Q6, and blocks of limestone occur in it. The rru« \i * v-,-:„ » „■ ■ m _-i_- 

',,.,, . , , , , „„„ Ine Montwia- 1 erington mine is 2* nules 

jral drifts show, as is observable on the 200- * „* v _; . * *■ u * ■> «. « ^ 

,,,,,,.', , , , , west 01 lenngton station. Before 1912 not 

t level, that irreeular veins and bunches of „ v . _ ■ ^ i l j . . . ^ 

, , , ■ ., ,- , I. . much development work had been done, but 

ledral camet occur in the limestone adiom- ., '^. ,- „-. , . , , . .^o 

^T_ ° , , . ,,, . ^, . i . smce then an incline 300 feet long, slopmg 45 

the ore body. Although the ore body is c, . . , j j ■*. 7^ . . * -. 

,. / ■ . I ■ S-T baa been sunk, and drifts extended from it 

IS m a limestone environment and is more / .-a . i i t ,«, . ^i. i 

,' ■ -v '>y V- J i_ , at different levels. In 1914 the mam work was 

less ondized, copper carbonates are never- . ■ . ., „,,-, - ^ , i rm. - 

;■ ■ '"~ f^' f^ . __ 1, .. being done on the 300-foot level. The mme la 

less scarce, and chrysocolla is the pro- ^, , . , ■ ■ „ _ , 

Qinant' reoogni..blo oxidized copper com- "'""^ '" '»'" P"''™'^ 2,500 torn of ore, 

md, (onhing vcinleta on the e^e ot the ,'r,"«^ " P" 1j "''''"' °'"^™* ' 

j'T -iiLv i httle suver and gold. 

dized ore against the limestone. _ , , . ... , ,., 

Iporadic masses of oro lying in proximity /Hie country rock IS granodlonto cutby dikes 

the main oro lens have been fomid on the °J l""*^ monzomte porphyry- The con- 

ufoot level. It is a noteworthy feature of glo"«ir»»« •' the l>«se »' »k« Tertiary section 

ore bodies in this mine, as it is of those at '»'' *" o^^^T^ ^'^ fl»". succeeded by 

Mason VaUoy mme, that, although the 1""''' '""«' ""• rhyohtes, occur near the 

■kings disclose immense bodies of practically °^o- They have been faulted against the 

d garnet, the gangue of the ore-bearing granodionte, and the taultuig has greatly 

ta of these great garnet masses is charaiv si'ttCTed the belt of rocks m which the mme is 

zed by the presence of a considerable pro- situated. The vem, a» seen on the 300-foot 

tion of lamellar pyroiene. '<'™> """ ' '"'V weU-deflned footwaU, stnkmg 

Jl ore shows some sulphide enrichment, "■ ^° ^- ""• '''PP"* ^^° S- The country 

orally as a soft, sooty black mineral. Where rock has been crushed and roughly fohated, and 

jgnizable, the secondary sulphide is com- »long this zone the ore occure in short stringere 

rily seen to be covellito, which tends to or small lenses of sohd sulphide. Ohalcopyrite 

ur as plates lymg parallel to the pyramidal predominates; pyrite occura principally as 

ivage ot the ohalcopyrite. The enriched isolated euhedral crystals ; and the fohated rock 

contains prevaUingly a notable amount of inclosing the sulphides carries much Sncly 

«um. Secondary sulphides m gypsifcrous dissemhiated flakes ot specular hematite. The 

gue extend as deep as the 200-foot level, ohalcopyrite has been slighdy enriched by the 

liough secondary sulphides have formed development of sooty bluish and blackish 

oughout the ore bodies much of the sooty sulphides. West of the incline the vein is cut 

=k mineral associated with tile ohalcopyrite "^ ^T » '»"!' strikmg N. 20° E. and dippmg 

vea to bo black copper oiude. 50° E. Some attempt to recover the vem has 

L well-defined fault surface trending N. 60° bM" ™«ls without success by driftmg south- 

«nd dipping 70° NW. determhies the north- ^'>^i "f- however, the dislocation is a normal 

it face of the glory-hole pit; it is excellently fault— that is, if the hanging waU has shpp«i 

wn on the 100-foot level. It hmita the ore "^o^™ relatively to the footwall— the faulted 

the northwest and is a postmineral fault segment of the vem will he found most expedi- 

.arently coinciding closely with the pre- Wouslj by cutting through the fault and drift- 

leral fault that cuts off the black gametites ing northward, 

inst tlio massive limestone. 

, , , , EHPIBX-KXVADA KIBE. 

he recognition of the fact that the ore- 

ning solutions arose along a fault contact The Empire-Nevada mine is half a mile west 
gests that the ore-bearing zone can be ex- of Yerington station, on the Nevada Copper 
red most thoroughly by means of numerous BeltKaihoad. In 1914 the property was being 
*5rnfs or drill holes extending at right worked by tliree separate parties ot lessees of 
Ips to levels driven along the faulted edge two men each. Considerable shallow surface 
^hc black gariletites. work has been done in past yeara, and it is 
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probable that several thousand tons of oxidized 
ore has been extracted. Five Keystone dr'dl 
holes were put down in the spring of 1914, the 
deepest 700 feet deep, but the results have not 
been disclosed. 

Some small bodies of quartz monzonite 
porphyry project through the alkivium in the 
vicinity of the mine. The porphviy, owing to 
the prevalence of phenocrysts of jJagioclasc^ 
(AbToAnao)? orthoclase, biotito, and sporadic 
quartz, closely resembles a granitic rock, but 
under the micmscope it is found to have a 
finely granular groundmass of orthoclase and 
quarts. Part of the biotito is derived from 
hornblende and has been largely chloritized. 
The porphyry has been irregidarly fractured and 
silicified, and the silicificalion was apparently 
accompanied in places by the development of 
secondary biotite. Bunches of ore occur in the 
fractured porphyry and consist largely of cuprite, 
which is in places altered to malachite and other 
oxidized compounds. Pyrite or other sulphides 
have not yet been found. 

JDE BEATTY PROSPECT. 

The Jim Beatty prospect is at the southwest 
comer of the area shown on Plate 1. The 
workings consist of two tunnels, which cjiter 
from opposite sides of a small hill and intoi'sect, 
and open cuts extending for several hundred 
feet along the vein between the tunnels. 
Several shipments of ore have been nia(U\ 
amounting to a few tons. A lot shipped in 
1914 is said to have carried $()5 a ton in gold. 
The ore body, inclosed in quartz nionzouite. 
consists of an 8-inch vein containing pyrite, 
chalcopjrrito, minor galena, and tlieir oxidation 
products in a gangue of coai*se quaitz and 
calcite. 

TS&BY A McFARLAND PBOSPECT. 

Tho Terry & McFarland prospect' is near 
the southwest corner of tho area jnapj)e(l. 
Tho principal develoi>in(uit work is a tunnel 
380 feet long. This tunnel follows a slu^ar zont^ 
in quartz monzonite which eonlainsalnni^ most 
of its course an iron-stained quai^lz vein rang- 
ing from a few inches to I foot in thickness. 
Tho vein trends N. 15" W. and dips 70' W. 
Ore on the dump is coatj^l with drusc^s of 
malachite. Tlie average valu(^ of tlic^ ore is 

id to be SS a ton hi gold. 
:J8330°~18— .-) 



BLTHE JAY MINE. 

The Blue Jay mine is 3 nules east of 
town of Yerington, on tho west flank of 
low range of hills that projects above tho 1 
floor of Mason Valley. Tho mine is dc 
oped by a shaft 450 feet deep, from w 
drifts have been cut on the 200 and 400 
levels. In 1914 a tuimel was being dr 
to cut the shaft 100 feet below the co 
this level will give a depth of 150 or 175 
under the outcrop. 

The i)revailing country rock is a medi 
grained granodiorite close to quartz di( 
in composition. It is composed of oligocl 
biotit(>, augit(», honiblendt*, quartz, and or 
clase and is a somewhat more basic var 
of granodiorite than that on the west sid 
Mason Valley. The ore deposit occui^s i 
crushed zone in the granodiorite, whicl: 
the mine is 300 to 400. feet wide. The crui- 
condition of the granodiorite has favored 
taking on a deeper coat of dissert variush t 
the massive granodiorite, and the zone i 
consequ(»nce clearly visible from ^'(*rin< 
as a dark band trending ncMirly at right an 
across the range of hills. A dike of grj 
diorite porphyry, 10 feet wide, strikes ac 
the shattered zone; at the south margin of 
zoiKMt has been displaced 20 feet by thefis 
that separat(»s the massiv(» from the shatt< 
granodiorite. 

llie porphyry dike fonns the footwal 
the ore bodv. Above it is a rou<j:hlv ( 
centie outcrop of quartz grading out 
re[)laeed granodiorite. A little chaleojn 
occurs in tight (piartz, but as a rule the 
phidi^s have been leached out. 

Ore from the 2()0-foot level is. a gray ] 
carrying chaleopyrite. Under the micros< 
it is found to be comj)osed largely of orthcK 
and (|Uartz, with chlorite as a minor <*(msj 
cut. Chaleopyrite and chalcociti^ iwc pro 
and the chalcocite is clearlv of secondarv or 
All stages of re|)lacem(»nt, from solid gr 
of chalcocilo representing completely re])li 
graijis of chalcopyriti> to large j^articlcv 
clia!(n>pyrite j)(M'i|)]iei:illy <'oated with ( 
cocite, can be obsei'ved. Somc^ |)rochai 
a<'roinpMMies tlie ch:ilcocite. This gray 
appcMis to r(^pres(Mil the (\\trem(> ])has 
alteralinn of []n\ granodiorite. l)y tlu» prhi 
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aeralization, plus a slight alteration accom- 
lying the enrichment by chalcocite. Less 
tamorphosed granodiorite is darker, owing 
the prevalence of chlorite; epidote also is 
;e worthy in this phase; and pyrite occurs 
h the chalcopyrite. 

lecently a small rich shoot of "cuprite" 
was found near the collar of the shaft, 
out half of the '* cuprite" proves to be chal- 
ite. The ore consists of stringers and 
sses of chalcocite and cuprite traversing 
frayish or greenish rock which the micro- 
pe shows to be composed of quartz whose 



structure indicates its origin by replacement, 
imdoubtedly of granodiorite. The chalcocite 
incloses sporadic grains of native copper, with 
which is associated some brochantite. 

The oxidized ore seen by Ransome contained 
chrysocoDa, malachite, cuprite, and the rare 
copper phosphate libethenite, previously iden- 
tified from this deposit by Smith. The chal- 
cocite ore was the objective of the operations 
in 1914, and some high-grade ore, consisting 
of chalcopyrite almost wholly replaced by 
chalcocite, had been found at the time of 
visit. 
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y time. This doposit has since been 
by faulting and has been much dis- 
the intermittent streams of the pres- 
ge system. 

n mountain ranges and valleys of the 
i region are beUeved to have been 
I l)y faulting of the Great Basin 
5, although the details of the moun- 
^raphy were fashioned by erosion, 
of these ranges are cut bv innumer- 
\ running in aU directions'^ There is 
ly flexing or folding of the beds. The 
s characterized bv the dominance of 
)n by faulting, mostly of the normal 

ncipal copper deposits at Ray and 
of the enriched disseminated type, 
most valuable constituent is chalco- 
imates based on drilling and mining 
>re originally present in the Miami 
I 145,000,000 tons and in the Ray 
\ 115,000,000 tons, a total for the 
cts of 260,000,000 tons. The tenor 
ranges from about 1.5 to 6 per cent, 
rerage of the ore mined lies between 
per cent. 

, with the exception of one compara- 
body in which square sets are used, 
by caving systems of stoping. It is 
i/ed bv flotation and bv flowincu water, 
concentrates are smelted locMly at : 
1 Havden. ' 

3 bodies are un(hilating, flat-lying ' 
irregular and more or loss indefinite 
outline and of varying thickness. 
and size of each body depend 
•on the lower limit set for the per- 
f copper in material classifiable as , 
3rallv, the ore is overlain bv leached, 
ren rock known as capping, although 
the over})urden contains consider- 
.ocolla and malachite. The capping 
)m 40 to 1,000 feet in thickness, 
ge thickness at Ray, on the ground 
ly Consolidated Copper Co., is bo- 
and 250 feet. The ore grades down- 
pyritic material that generally con- 
little copper to 1)0 workable under 
nditions and in this report is desig- 
)tore. The ore varies greatly in 
from place to place. The niaxinnmi 



is about 500 feet, but the average thickness of 
the Ray Consolidati^d Copper Co.^s ore body is 
120 feet. 

The ore bodies in a very general way have 
a marginal position with reference to intrusive 
masses of granite, granite porphyry, and quartz 
monzonite porphyry, but the ore occurs both 
in the schist and in the intrusive granitic or 
monzonitic porphyry. By far the greater part 
of the ore is metallized Pinal schist. 

The ore bodies are the result of the operation 
of two general processes — upwanl or hypogene 
metallization as a consequence of the intrusion 
of granitic or monzonitic porphyries and down- 
ward or supei^ene enrichment by percolating 
atmospheric wate;^i The hypogene solutions 
are believed to have been of moderate chemical 
activity and must have carried copper and 
sulphur, with probably molybdenum and sili- 
con. Metallization apparently involved no 
addition of ijron to the rocks, the pyrite having 
been formed by the attack of the sulphur- 
bearing solutions on the iron already present 
in the schist and porphyry as oxides and sili- 
cates. Permeability of the rocks, permitting 
the ore-depositing solutions to penetrate them 
readily, was brought about by Assuring — very 
largely by a multitude of very small irregidar 
fissures. This Assuring was doubtless a conse- 
quence of the intrusion and solidification of the 
granite porphyry and quartz monzonito por-. 
phyr>^ 

From the relation of the ore bodies to the 
present surface, and from other considerations, 
it is concluded that the groat<^r part of the 
enrichment was effected before the develop- 
ment of the present topography and probably 
before the eruption of the dacite. 

Supergone enrichment has generally been 
troat^Ml as a continuously progressive process. 
There is considerable probability, however, 
that it is essentially cyclic, although the cyclic 
character may not be patent in all deposits. 
A fidl dovolopmont of the cycle can take place 
only under a certain equilibrium of a numl)or 
of factors, including climate, erosion, topogra- 
phy, and ('haract<>r of rock. The essential 
fact appears to be that as enrichment pro- 
gresses and chalcocite increases the process of 
enrichment becomes slower in action, and 
erosion mav, in some circumstances, overtake 

ft' ' ' 
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it. With the removal of some of the protect- 
ing zone of chalcocite the protore is again 
exposed to oxi<lation and a second cycle of 
enrichment begins. 

Although much of the enriched ore is now 
below ground-water level, it probably was 
once above that level, and enrichment is be- 
lieved to have taken place mainly in the zone 



of rock above any general water tab 
is true that the enrichment was most 
than the eruption of the dacite, it 
coui-se, have preceded also the layi 
of the Gila conglomerate. This ct 
admits the possibility of the discove 
underneath certain areas of the cong] 
particularly between Miami and Glob 



i> 



I- 

of 






THE COPPER DEPOSITS OF RAY AND MIAMI, ARI2 



By Frederick Leslie Ransome. 



Chapter I. — Introduction. 



SITUATION AND ROUTES OF ACCESS. 

The Kay and Miami districts/ as may be 
seen from the accompanying general map of 
Arizona (PI. I), he some 70 miles southeast 
of the center of Arizona, in the prevaihngly 
mountainous belt that separates the Plateau 
province on the northeast from a region to the 
southwest whose chief topographic character- 
istic is the predominance of broad and com- 
paratively low desert plains. Ray, the more 
southerly of the two districts, is in Pinal 
County and lies for the most i)art in the north- 
west comer of the area designated by the Unite<l 
States Geological Survey the Ray quadrangle 
(mapped on the 1 : 62,500 scale), although a part 
of the district extends to the west into the 
Florence quadrangle (1:125,000 scale). The 
Miami district, about ISmilesnorth-northeastof 
Ray, in Gila County, is in the central part of the 
Globe quadrangle ( 1 : 62,500 scale) . Miami, its 
principal settlement, is 4 miles west of Globe, 
which is a town of about 7,000 peoi)le and is 
the seat of Gila County. 

Ray is served by the Hayden division of the 
Arizona Eastern Railroad, which leaves the 
main Maricopa-Phoenix line at Tempe, 8 miles 
east of Phoenix. From Tempe to Ray Junc- 
tion, where Mineral Creek flows into the Gila, 
the distance is 7*S miles. Here connection for 
the town of Ray is made with the Ray & Gila 
Valley Railroad, about 7 miles in length, owned 
by the Ray Consolidated Copper Co. 

Miami is reached by the Globe division of the 
Arizona Eastern Railroad, which runs from 

> In this report the expressions " Ray district" and "Miami district" 
Will be used as canvenlcnt namiBs for areas that correspond approxi- 
iBately to those covered by the map of Ray and vicinity (1*1. XLV) 
and the map of the Miami copper belt (PI. XL). Such usaf;e Is not 
ImeDded to Imply exact coincidence In boundaries between the tracts 
ao designated and the corresponding maps and is independent of those 
frequently indefinite areal imits established by local regulations and 
known technically as mining districts. What is here called the Ray 
district, for example, hapi)ens to be a part of the Mineral Creek mining 
district. 



Bowie, on the mam line of the Southen 
The distance from Bowie to Miami b 
134 mUes. 

Although Ray and Miami are only 
apart, a railway journey from one tow 
other necessitates a detour of about 4' 
The railway route, however, will be 
shortened when the Hayden divisioi 
tended, as is proposed, up the Gila to I 
los, a station on the Globe division. I 
road from Ray to Miami is over 50 
length and has steep grades, and t 
routes between the two places that a 
direct are those afforded by the rouj 
across the north ends of the Dripping 
and Pinal ranges. Among the ways ( 
ing Miami should be mentioned also tl 
lent road from Phoenix and Mesa h^ 
Roosevelt. By automobile the ru 
Phoenix to Miami or Globe requires 
hours, whereas the journey by rail c< 
nearly 24 hours. 

FIELD WORK AND ACKNOWLEDGM] 

The first detailed geologic work in t 
Miami region was the mapping and stu( 
Globe quadrangle by F. L. Ransome, 
by J. D. Irving, in 1901 and 1902. Th 
of this work were published in 1903 ' ar 
Although it was evident during the 
investigation that copper is widely d 
tlirough the schists north of what is 
town of Miami, Uttle attention at that i 
been paid by mining men in this coi 
disseminated copper deposits so low i 
and neither the extent nor the futun 
taiice of those near Miami was then su 
Consequently the early field work in tl 

s Ransome, F. L., Geology of the i\lo\ye copper district, 
Geol. Sur\'ey Prof. Paper 12, 1903. 

'Ransome, F. L., U. S. Geol. Survey Geol. Atlas, Globe fo 
1U04. 
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quadrangle was contributory to the present 
report only in so far as it was the initial attack 
on the geologic ])roblems of the region. 

Field work was b^un on the geology of the 
Ray quadrangle in Otober, 1910, and with 
the capable assistance of J. B. X'mpleby was 
finished in January of the following year. 
This area proved to be stratigraphicaUy much 
more illuminating than the Globe quadrangle, 
and it was soon apparent that some earlier 
interpretations, based on the incomplete geo- 
logic sections exposed in the Globe area, 
needed correction.* 

WhDe geologic work in the Ray quadrangle 
was in progress an accurate topographic map 
of Ray and vicinity on the scale of 1 : 12,000, 
covering 186 square miles, was made by W. 
M. Beaman, topographer, and a similar map 
of the Miami copper belt on the same scale, 
covering 273 square miles, was made by 
Albert Pike and R. W. Berry, topographers. 
The geology of these areas was mapped by 
Messrs. Ransome and llmpleby in January 
and February, 1911. The copper deposits 
themselves were studied at Ray and Miami by 
F. L. Ransome in March and April, 1912, with 
supplementary visits in 1914 and 1916. 

Where so many pereons as at Ray and 
Miami have cheerfully and courteously con- 
tributed time and information to the visiting 
geologists, the selection of a few for individual 
mention is difficult. Appreciative acknowl- 
edgment is made to the Ray ConsoUdated 
Copper Co. and the Arizona Hercules Coj)])er 
Co., at Ray, and to the Miami Copper Co., the 
Inspiration Copper Co., the Live Oak Develop- 
ment Co. (the latter two now united as the 
Inspiration ConsoUdated Copper Co.), and the 
Xew Keystone Co])])er Co. (whose ])roi)erty has 
been purchased by the Inspiration Co.), at 
Miami, for special courtesies extended j)er- 
sonaUy tlirou^h Mr. David Cole, then manager, 
and Mr. L. S. Catcs, formerly su])erin tendon t of 
mines' but now general manager of tlie Kay 
Consolidated Co])])er Co.; Mr. W. S. Boyd. ' 
su])erintendont of the Kay Consolidated mines; ' 
Ml*. W. P. Dunham, j)resident, and Mr. Frank \ 
II. Probert, at one time consulting geologist, of ! 
the Arizona Hercules Co])})er Co.; Mr. B. Brit- 
Ion Gottsborgcr, general manager, and Mr. (). 

I Ransome, F. L., (foolou'y of the <;iolKt (listrict, Ari/..: Min. and Scl. 
rn\ss vol. '22, pp. 717-71% llHl. 



N. Lawton, formerly superintendent, of the 
Miami Copper Co.; Mr. F. W. Maclennan, 
assistant manager in charge of mining, of the 
Miami Copper Co. ; Mr. T. R. Drummond, for- 
merly manager of the Inspiration Copper Co. ; 
the late Mr. H. McCarthy, former manager of 
the Live Oak Development Co. ; and Mr. E. B. 
Tinker, formerly superintendent for the New 
Keystone Copper Co. 

To the engineering staffs of the mines I am 
particidarly indebted for much information and 
many courtesies, notably to Mr. Ralph C. Now- 
land, at that time chief engineer of the Ray 
Consolidated mines; Mr. R. B. Earling, in 
charge of the Ray Central mine at the time of 
visit; Mr. H. P. Bowen, chief engineer of the 
Miami mine; Mr. W. C. Browning, formerly 
chief engineer of the Inspiration mine; and Mr. 
George R. Lehman, in 1912 chief engineer of 
the Live Oak mine and now chief engineer for 
all the Inspiration Co.'s mines. To mention by 
name the many others who cooperated to a 
lesser extent but with equal heartiness in the 
work upon which this report is based would 
unduly extend a list already long. They may 
be sure that their help was of service and is 
remembered with appreciation. 

That the present report makes its appearance 
far too long after the completion of the main 
field work is regretfully admitted. The delay 
is due, it is ho])ed, less to lack of industry than 
to certain ofHcial duties that for five years pre- 
vented consecutive ai)phcation to this particu- 
lar piece of work. The information given 
herein has been brought up to August, 1917, 
and statistical tables, where practicable, have 
been extended in proof to the end of 1918. 

Geolo<;ists of the United States Geological 
Survey are so accustomed to the expert services 
of the editorial and illustrations staffs of the 
organization that they are perhaps inclined 
to accept these services with as little comment 
as is accorded to the familiar comforts and 
conveniences of modern civilization. There 
are obvious objections to the expression of 
this univci*sal o])li<^ati()n in every publication 
issued, but I desire in at least one ofiicial report 
to record my own appreciation of the great 
advantage enjoyed by an author whose manu- 
script under<^oes such careful scrutiny and 
wliose rou^li ilhistrativc material receives such 
skillfrl preparation. 



INTRODUCTION, 



PLAN OF GEOLOGIC DESCRIPTION. 

As the geology of the Globe quadrangle 
has already been mapped and described in 
detail and that of the Kay quadrangle will 
receive equally full discussion in a forthcoming 
foUo, it will be unnecessary in the present 
report to do more than describe briefly the rocky 
materials involved in the structure of the region 
and to trace rapidly the steps by which their 
present position and relations to one another 
have been brought about. Descriptions of 
fact and the discussions based upon them will 
have as their main object the presentation and 
interpretation of the geologic circumstances, 
broadly viewed, imder which the disseminated 
copper ores, the particular subject of this re- 
port, were deposited. 

The fact that this report will be read, at 
least in part, by those who are not geologists 
has been kept constantly in mind, and an 
effort has been made to present the subject 
matter in clear and, so far as practicable, 
untechnical language. It is not possible, how- 
ever, to make all portions equally intelligible or 
interesting to all readers, and certain sections, 
such as those on the petrography of the igneous 
rocks, may be skipped without serious con- 
sequences by anyone who finds them loss 
readable than other parts of the voliune. 

For the benefit of the nongeologic reader a 
glossary of some of the more technical terms 
used is appended to the report. 

mSTORY OF MINING. 
BAT. 

Mining in the Mineral Creek or Ray district 
appears to have be^un about 1880, when the 
Mineral Creek Mining Co. built a 5-stamp mill 
and did some work, presumably on the Mineral 
Creek claim, north of Copper Gulch. Probably 
about this time the Ray and many other claims 
in the district were located and prospected. | 
In 1883 the Ray Copper Co. was organized in 
New York wdtli a capital of $5,000,000, in 
shares of $10 each, par value. The company 
owned 17 claims and had a 30-ton copper 
furnace. The ore of the Ray group of claims 
was described as principally native copper. 
Little was accomplished by this company 
during the next 1 5 years, and it was not until 
1898 that a few news items in the mining 

103866^—19 2 



press indicated that the Ray 
long period of idleness, was agah 
but the work was evidently on 
scale. In October, 1898, an optic 
Taylor, and Innes groups of cl 
tained by Mr. Alexander Hill : 
Mines Exploration Co. (Ltd.), oi 
in June of the following year th 
acquired for £210,000 by the 
Mines (Ltd.), an English corporat; 
at £260,000. At the time of pur* 
mine was supposed to have in 
tons of ore containing from 4 to 
copper. A concentrating mill h 
capacity of 75 tons was situated i 
on Mineral Creek. 

During the first year of its 
new company expended £117,< 
ment and development. It fom: 
of Kelvin, erected there a 250-tc 
office, and substantial staff b 
connected the mine and mill 1 
gage railway 7 miles in length, 
mine a shaft was simk to a dept 
and the ore was blocked out oi 
by a rectangular grid of drifts i 
with the idea of mining ultimate] 
system. The company also sant 
Humboldt, and Tribimal shafts oi 
the more promising portions of i 
tory. It established connectio 
road with the nearest rail sh 
Redrock, 43 miles to the south, • 
em Pacific, whence supphos wc 
Kohnn by traction engines. E 
the company's capital was 
£200,000, and a smelter was l)ii 
This was never used and in Mar 
destroyed by fire. 

The ore was crushed at the mi 
to Kelvin in trainloads of about 
or about one-thirtieth of the < 
loaded on each train of the 
line. 

By December, 1900, the Ray 
(Ltd.) had treated about 16,000 
rial which, instead of averagir 
and 5 per cx^nt, as was expected, 
tained less than 2 per cent of c« 
residts wore of course disappoir 
mill, moreover, proved to be do! 
and equipment. Although the 
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for the year ending June 30, 1900, contained 
the hopeful statement that 1,032,595 tons of 
ore averaging 4.5 per cent of copper was in 
si^t, the financial difficulties of the compan}^ 
awm hecame obvious, and m 1901 its property 
was mortgaged to the Trustees, Executors & 
Securities Insurance Co. of London for £ 13,565, 
payable on June 30, 1902. 

It appears to have been while this transac- 
tion was pendmg that Mr. James D. Hague 
was caUed upon to examine the property. In 
his report ^ Mr. Hague, on the basis of careful 
«>npling by Mr. Ellsworth Daggett, calls 
•uention to the very unportant fact that 
^^'^M the average tenor of the ore had been 
^apposed to be between 4 and 5 per cent of 
^PPer, it really Ues between 2 and 3 per cent. 
He went on to state that *' under present con- 
^tiona a 4 per cent assay is very near and 
P^^""*ly below the limit of pay ore; and an ore 
•^■•yMig 3 per cent can hardly be touched 
^thout loss." Mr. Hague advised suspen- 
■■ptt of operations but remarked with pro- 
I*®t>c insight: "I am far from the opinion 
•™t the property is without some considera- 
ble Value. The mine contains a very large 
rKKiy of low-grade ore, too poor to pay imder 
^xjKting conditions, but with possibihties of 
««ge value, sooner or later, by improvement 
*tt methods of treatment, which may make a 
2 P« cent ore profitable." This prediction, 
■••^le in 1901, has been amply fulfilled. 

It has sometimes been alleged that the 

«m^h c^impany was imsuccessfvd because 

'te managers failed to realize that the ore 

^i^mit is of the disseminated type and that 

^iy^y were endeavoring to find lode deposits, 

Vki» those hitherto worked in the surroimding 

^^Hi^pn, This assertion, however, is imfair and 

^^frmct. In certain respects the company 

^M in ailvance of its time, and many of the 

^ri^ntfmintutm that laU^r paved the way for 

^i^'j'Mm lay hidden in the future. The plans 

Oiiuin lor handling tlio ore wore in many ways 

^fftiihr Up i\u^H^^ whirh have since boon adopted 

^^^ a $nm*h largc^r scale, an<l the equipment, 

''^^Utmi of lining i»xtraviij?ant, as many thought 

^ti^$ it was iimtullod, wtus naturally enough 

^''^^WjuaUf, for few in 1000 could foresee what 

'''"^^t yimfH have lirought to pivss in copper 

^f*th$t$f(f and it in doul>lful whetlior it woidd 

- *" (irfiM't tUin ivfMirt I uin IiulPblod to Mr. Sherwood 

-•MiiiiMi CopiJorCo.— F. L. It. 



then have been possible to procure sufficient 
capital to equip the mine for operation on the 
scale now recognized as essential in the exploi- 
tation of low-grade disseminated deposits. 
The company's technical staff, in short, appear 
to have recognized very clearly the geologic 
character of the deposit and to have laid their 
plans with boldness and skill. The funda- 
mental cause of failure was too great reUance 
upon certain sampling which is now known to 
have been improperly done. Success was 
simply impossible under the circmnstances. 

For a few years the property appears to have 
lain idle, but in 1905 railway connection was 
established between Kelvin and Phoenix, and 
in 1906 there was some activity in the district, 
mainly by the Calumet Copper Co., which was 

shipping about 40 tons of high-grade ore a day 
from its mine east of Mineral Creek. The Ray 
mine was xmder lease to the Kelvin Reduction 
Co., which had an experimental leaching plant 
in operation. 

In the following year the attention of Mr. 
D. C. Jackhng and of others who had been 
prominently connected with the development 
of the Utah Copper Co. was attracted to Ray, 
and on May 11, 1907, the Ray ConsoUdated 
Copper Co. was organized imder the laws of 
Maine to acquire and work the ground formerly 
held by the Ray Copper Mines (Ltd.). Capi- 
talized origmally at $6,000,000, the Ray 
ConsoUdated Copper Co. increased its capital 
to $8,000,000 in 1908, to $10,000,000 in 1909, 
to $12,000,000 in 1910, and to $14,000,000 in 
1911. A $3,000,000 issue of convertible 6 per 
cent bonds, authorized in 1907, was retired by 
conversion into stock. 

Undergroimd exploration and chum drilling 
were started in the siunmer of 1907 under the 
immediate direction of Mr. Seeley W. Mudd as 
consulting engineer, and about the same time 
the Arizona Hercules Copper Mining Co., 
organized September 15, 1006, with an author- 
ized capital of $10,000,000, and the Kelvin- 
Calumet Mining Co. also began operations in 
the Ray district. The Kelvin-Calumet Mining 
Co. was succeeded early in 1909 by the Ray 
Central Copper Mining Co., capitalized at 
$6,000,000. 

On June 1, 1908, Mr. Mudd submitted a 
report to the Ray ConsoUdated Copper Co., in 
which ho stated that the existence of about 
3,000,000 tons of ore was reasonably assured. 
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In November of that year Mr. Henry Knimb 
was engaged to take chaise of the sampling, 
measurement, and valuation of the ore bodies, 
and chum drilling was vigorously prosecuted. 
By the end of 1909 the company had expended 
$300,000 in prospecting alone and had ascer- 
tained the existence of about 50,000,000 tons 
of ore. 

The Gila Copper Co. was organized February 
26, 1907, to buy a number of claims which the 
English owners had declined to soil to the Ray 
Consolidated Copper Co. imtil certain stipula- 
tions should have been carried out. In 1910 
over 97 per cent of the outstanding stock of 
the Gila Copper Co. was exchanged for stock 
of the Ray Consolidated Copper Co. at the 
rate of three shares of Gila for one of Ray. 

In December, 1911, the Ray Consohdated 
Copper Co. entered into negotiations with the 
Ray Central Copper Mining Co., whose property 
had previously been held under option by the 
General Development Co. but had been 
relinquished in October, 1910. By April, 1912, 
the Ray Consohdated Copper Co. had acquired 
over 97 per cent of the stock of the Ray 
Central Co., and shortly afterward it took 
complete possession of the property and began 
to develop the groimd in conformity with its 
own extensive plan. 

Actual production from the Ray Consoh- 
dated Copper Co.'s mines began late in March, 
1911. Up to that time the company had 
spent approximately $10,000,000 in land, pre- 
paratory work, and equipment. This work 
included the drilling of over 350 chum-drill 
holes of an average depth of 418 feet, the sink- 
ing and equipping of two main shafts, the 
driving of about 30 miles of drifts and cross- 
cuts, the installation of adequate waterworks 
at Ray and Hayden, the construction of a 
standard-gage railway between Kelvin and 
Ray, the completion of three 1,000-ton units 
of an 8,000-ton concentrating mill at Hayden, 
the construction of a power plant capable of 
generating 10,000 kilowatts, also at Haydon, 
the building of a transmission lino between 
this plant and the mines, and the erection of 
numerous buDdings for various purposes. The 
company's activity has brought into existence, 
near the concentrating miU, the considerable 
town of Hayden, and near Ray, which itself 
has grown rapidly, there has sprung up on 
ground owned by the company the Mexican 



settlement of Sonora, with a population esti- 
mated at more than 4,000. 

The Ray Consohdated Copper Co. at first 
planned to do its own smelting at Hayden and 
began the necessary construction, but subse- 
quently arrangements were made with the 
American Smelting & Refining Co. to complete 
the smelter at Hayden on ground leased from 
the Ray Co. and to purchase the concentrates. 
This smelter was put into operation early in 
1912. 

MIAMI. 

The earlier history of mining in the Globe 
region has already been summarized.^ 

In 1901, when the first geologic work was 
done by this Survey in the Globe district, the 
only important mining then in progress within 
the area now known to be underlain by dis- 
seminated chalcocite ore was at the Keystone 
mine, which at that time had yielded about 
$25,000 from chrysocoUa ore and which con- 
tinued to be productive for some years there- 
after. The ore in this mine occupied a fissure 
in porphyry and was followed down to the 
underlying Pinal schist, where it ended at the 
contact. In the same year a httle work was 
in progress at the Live Oak mine, and subse- 
quently a vein of chrysocolla was stoped on 
this ground also. The Live Oak vein, like the 
Keystone, was in porphyry and did not extend 
into the schist. It was worked up to about 
1907, at first by the Live Oak Copper Mining 
& Smelting Co., to which it is reported to have 
yielded more than $600,000, and afterward by 
lessees. 

In 1901 much less was known about dis- 
seminated copper ore than at present, and even 
if the existence in the Miami district of lai^e 
quantities of material containing from 2 to 3 
per cent of copper had been widely published 
it is doubtful whether that information would 
have aroused much interest among mining 
men, when, as has been seen, so competent 
an engineer as Mr. Hague regarded 4 per cent 
ore as the lowest grade that could be profitably 
worked. 

A few years later the Inspiration Mining Co. 
began work on the north side of Inspiration 
Ridge, in the ravine that opens into Webster 
Gulch a little over a quarter of a mile southeast 
of Willow Spring Gulch. This company drove 

» Ransome, F. L., Geology of the Globe copper district, Arit.: U. S. 
(.Jeol. Survey Prot. Paper 12, pp. 114-118, 1908. 



COPPER DEPOSITS OF RAY AND MIAMI, ARIZ. 



oodson tunnel. Disseminated chalcocito 
>und here in 1904 at a depth of 130 feet, 
ome crude ore, chiefly chalcocite, was 
from a zone of stringers in the schist 
hipped to the smelters. In 1906 the 
,ny was shipping about 60 tons a day 
3 ore. In that year it was estimated 
here was at least 5,000,000 tons of low- 
disseminated ore available, and a 50-ton 
as built, about a quarter of a mile from 
nnel, to concentrate this material. The 
3t was not successful, but enough had 
lone to attract the attention of Mr. J. 
Channing and his associates to the actual 
ce of disseminated chalcocite in the schist 
» give a clue to what might be expected 
ere under the leached and weathered 
of Inspiration Ridge, 
ing 1905 and 1906 Mr. F. C. Aladorf 
ed options on most of the claims now 
ed in the Miami group, and in December, 
these options were transferred to the 
d Development Co. and work was begun 
3 Captain shaft, at a point where the 
3 rocks were brilliantly stained by salts 
per. No ore was foimd, and a second 
known as the Redrock or No. 2 shaft, 
ink farther east. This went into ore 
April 13, 1907, at a depth of 220 feet, 
1 November 30 the Miami Copper Co. 
•ganized. From that time on develop- 
ment actively forward. In October, 1909, 
llway extension from Globe to the new 
of Miami was finished, and in Marc-h, 
after completing its carefully planned 
bstantially constructed null, power plant, 
her units of its general equij)ment, the 
ny began to produce concentrates. On 
17, 1013, a section of the overburden 
300 feet northwest of the No. 2 shaft 
ily coUai)sed, crushing everything to- 
down to the 370-foot level. No fatali- 
sidtod from the falling rock itself, but 
m were killed and others injured by the 
on-Uke blast of air sent throu<]jh the 
by the descending mass.^ Recurrence 
i an accident is not likely, now that the 
g or overburden has all settled down to 
>ken ore. 

stimulus of the Miami Copper Co.'s oper- 
was quickly fcJt throughout the Miami 
. Some companies confined their ac- 

> Min. and Sd. Tress, vol. 106, p. 629, 1913. 



tivity mainly to the stock market, but others 
began vigorous exploration. Among the latter 
the Inspiration Copper Co. and the Live Oak 
Development Co. deserve special mention. 

The Inspiration Copper Co. was organized 
hi December, 1908, and acquired the property 
of the Inspiration Mining Co., which had pre- 
viously been under option to the General Devel- 
opment Co . Active prospecting by shafts, tun- 
nels, and chum drilling was begun in January, 
1909. In February of the same year the com- 
pany acquired the Taylor group of claims, and 
in July it closed an option on the Black Copper 
group, formerly owned by the Arizona Banner 
Copper Co. The Joe Bush , Scorpion, Colorado, 
and BuUdDg shafts were sunk by the new com- 
pany, and many timinels begun by its prede- 
cessors were driven farther into the ridge. By 
the beginning of 1911 the Inspiration Copper 
Co. had driven about 27,000 feet of drifts and 
crosscuts, had put down over 80 drill holes, and 
had developed over 21,000,000 tons of ore. 

The live Oak Development Co. was organ- 
ized on January 21, 1909, and secured under 
bond and lease the property of the Live Oak 
Copper Mining & Smelting Co. for $438,600, of 
which the final payment of $337,000 was due in 
December, 1912, • As much of the ore-bearing 
schist on the Live Oak ground is covered by 
porphyry or Gila conglomerate, and as the ore 
lies deep, the live Oak Development Co. is 
entitled to much credit for the results which it 
achieved. By the end of 1911 it had, by drill- 
ing and by ordinary underground exploration, 
developed about 15,000,000 tons of ore. 

In January, 1912, a consolidation was effected 
between the Live Oak and Inspiration compa- 
nies. The new company, known .as the Inspi- 
ration Consolidated Copper Co., was capitalized 
at $30,000,000 in 1,500,000 shares of $20 par 
value. At the time of consohdation the engi- 
neers employed by the two companies reported 
the Inspiration ore reserves to be 30,300,000 
tons, a^ssaying 1 .95 per cent of copper and the 
Live Oak resen^os to be 15,000,000 tons assay- 
ing 2.11 per cent of copper, or a total of 
45,.'U)()'()()() tons of approximately 2 per cent 
ore. This appears to have been a moderate 
estimate. 

In the summer of 1912 active work was be- 
^m on an extensive plan of development and 
equipment. ^ISvo main hoisting shafts were 
sunk in Webster Gulch to a depth of 585 foet. 
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Additional land was acquired IJ miles north- 
east of the shaft, and construction was begun 
on a 7,500-ton mill, the capacity of whicii was 
afterward increased to about 15,000 tons. A 
standard-gage railway was built from the mine 
to the mill and from the mill to a comioction 
with the Arizona Eastern Railroad bolow 
Miami, a total distance of 4^ miles. The Ari- 
zona Eastern also built an extension from Mi- 
ami to the Inspiration adit in Liveoak Gulch, 
on the south side of Inspiration Ridge. Exten- 
sive underground work was done in preparation 
for mining through the now main shafts. Con- 



It is doubtful, however, whether it 
possible to ascertain even approxim 
quantity of copper yielded by the twc 
during this period, and it is certain th 
suits would not justify the attom 
modem production at the date oi 
(July, 1917) has been practically all 
the Miami, Inspiration, and Ray cc 
and as these companies publish accura 
in their annual reports ,the output foi 
districts is easily ascertained. 

The production of the Miami mine 
in tlie accompanying table. 



Produclinn (jj the Miami mine, 19J1-1U18. 



Vcar. 



1911.. 
1912.. 
1913.. 
1914. . 
1915. . 
1916.. 
1917... 
1918.. 



Ore milled 


Concentrates 


Copper in con- 


Net production 
of reuued copper. 


TXv 




produced. 


centrates. 


I /|\ , 


Tm9. 


Tons, 


PouTida. 


Pounds, 




445, 036 


20,065 


16, 196, 561 


15, 385, 783 


> • • • ■ 


1,040,744 


46,683 


34, 560, 665 


32, 832, 609 


§1, 


1,058,784 


45, 410 


34, 597, 568 


32, 867, 666 


1, 


1,096,633 


44,579 


35, 048, 445 


33, 296, 010 


1, 


1,348,122 


52,539 


44, 033, 761 


41, 832, 059 


1, 


1,842,017 


66,289 


56, 335, 103 


53, 518, 331 


4, 


1,640,206 


53,639 


46, 172, 322 


43, 863, 699 


c, 


2, 132, 941 


76, 750 


61,481,662 
328, 425, 087 


58,407,563 
312,003,720 


3, 


10,604,483 


405, 954 


19, 



struction was begun on a dam and pumping 
plant at Wheatfields, on Pinal Creek, to supply 
water for milling. 

Early in 1915 negotiations for the sale of the 
property of the New Keystone Co. to the Inspi- 
ration Consolidated Copper Co. wore success- 
fully completed and the transfer was made, 
thus giving opportunity for direct undei^n)und 
connection between the Inspiration and Live 
Oak divisions of the consolidated property. 

In May of this same year the smeltery of the 
International Smelting & Refining Co., begun in 
1914 and situated a short distance southeast of 
the Inspiration concentrating mill, was com- 
pleted and put into operation. The plant has 
a capacity of 250 tons of copper a day. 

The production of copper from the mine on a 
large scale began in Jime, 1015. 

PRODUCTION. 

Both at Ray and Miami small quantities of 
copper ores were produced intermittently over 
a period of many years i)ri()r to the modern dc- 
velopment of the low-grade disseminated ores. 



The refining of the copper yields a 1 
and some silver. The quantity of the 
produced annually is not stated in 
pany*3 reports, but it appears that in 
silver proceeds were a little over $30 
responding to approximately 1 5,000 < 

The Inspiration Consolidated Coppc 
produced as follows: 

Production of the Inspiration mine, 1915- 



Venr. 



19150 
1916.. 
1917. 
1918. 



Ore concen- 
tratod. 



Ton*. 

778, 851 
5, 316, 350 
3,891,075 
5, 110, 101 



Copper produced. 



Pouvtln. 

^ 20, 067, 310 

c 120, 772, 637 

<i80,56r),982 

« 98, 540, 04 L 



15,09(1,377 319,946,970 



l)i\ 



$8. 
9, 
9, 

27, 



ft 5>ome Ortrllcr production from tlio to«;t mills, but the 
stated in the annual reports. 

*» 37j<,3(J0 pounds of this was from oxidlssod ore sent d 
smelter. 

e 1.341,248 pouncLs of this w.is from o.xidizetl ore sent t 
smelter. 

rf 1,220,949 pounds of copper was from oxidize*! ore sc 
the smelter. 

1 1,063,4(M pounds of copper was from oxidi£e<l ore se 
the smelter. 
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The production of the Ray Copper Co. has been as foUowB: 

production of the Ray miru. 1911-0118. 
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BBOAD TOPOGRAPmC FEATURES. 

The mountains and valleys that diversify 
a landscape are an immediately visible result 
of geologic processes which have been active 
for imtold ages and which are still effecting 
changes before our eyes. In a consistently his- 
torical treatment, therefore, description and dis- 
cussion of the surface configuration of the 
region should come last, both as a fit conclu- 
sion to the geologic story and as an introduc- 
tion to gec^aphy, which deals with existing 
conditions on the earth*s surface. It is prob- 
able, however, that to most readers accounts of 
rocks and geologic structure will be the clearer 
and more interesting the more vivid their 
mental picture of the region in its outward 
aspect. The broader features of relief and 
drainage, with some of the relations of these 
features to geologic structure, will accordingly 
be briefly presented in advance of the chapters 
devoted to geology proper. 

As already intimated, the copper deposits 
of Ray and Miami are wthin what has been 
termed the mountain region of Arizona, as 
distinguished from the Plateau of Arizona to 
the northeast and the desert region to the 
southwest. Tlie general boundary between 
the plateau and the mountain region, as may 
be recognized from Plate I, although irregu- 
larly dentate, is on the whole fairly definite 
and has been generalized in figure 1. Tliat 
between the mountain region and the desert 
region, however, is much more ol)scure, al- 
though a line drawn from Nogales, on the 
Mexican border, through Tucson, Florence, 
Phoenix, Wickenburg, and Needles would, in a 
general way, separate these two provinces. 

Tlie mountain region is characterized by 
numerous short ranges, as a rule nearly parallel 
with each other and with tlio curved edge of the 
plateau. Few of these ranges exceed 50 miles 
in length or attain altitudes greater than 
8,000 feet. They are separated by valleys which 
are narrow as compared with their longtlis or 
with the wide undrained plains or bolsons to 
the southwest. Some of these valleys, such as 
26 



that of San Pedro River in southern Arizonai 
are very much longer than any one of the 
individual ranges by which they are laterally 
confined. 

Although it can not be safely said that these 
ranges generally exemplify the simple Great 
Basin range type of uptilted blocks, it is certain 
that faulting has been far more important than 
folding in the development of their structure, 
and it is highly probable that the greater 
faults have determined the trend of the ranges 
and of the longitudinal valleys. The ranges 
and larger valleys probably owe their relative 
difference in relief primarily to faulting, 
although the valleys have since been partly 
filled with the Gila conglomerate and other 
fluviatile and lacustral deposits of Quaternary 
or late Tertiary age. In other words the long 
valleys are structural troughs and have not, 
like the Appalachian valleys, been excavated 
by erosion. 

The Ray-Miami region (PI. II) lies for the 
most part between Gila River and its principal 
tributary, Salt River, streams which head 
under the edge of the plateau and flow west- 
ward across the mountam belt, escaping from 
one longitudinal valley to another by deep 
gorges through tlie mountains. Tlie area 
represented in Plate II illustrates well the 
general topographic features of the mountain 
region. Three of the typical ranges traverse 
it obliquely from southeast to northwest. On 
the north, mainly in the Globe quadrangle, is 
the Pinal Range, which attains an elevation of 
7,850 feet. Although sawTiulls have tliinned 
the pine groves that gave the range its name, 
young trees are fast growing on these moun- 
tains, which in their wooded aspect contrast 
strongly with their near neighbors. The Pinal 
Range is composed of pre-Canibrian crystal- 
line rocks with some younger granitic intru- 
sives. Its topography has tlie bold irregu- 
larity characteristic of a comparatively early 
stage in the erosion of an uplifted mass of 
heterogeneous and unsystematically arranged 
materials. 
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Southeast of the Pinal Range, and topo- 
raphically more or lees a continuation of it, 
I the Mescal Range, composed of Paleozoic and 
ertiaps older Bediments cut by great irregular 
Us of diabase. The general homocUnal 
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Globe. Inasmuch as theee same sedimentary 
rocks also form the low hills northeast of Globs 
it is fairly certun that the Final and Mescal 
ranges constitute in the main a great fault 
block, upheaved relatively to the country 



teucture, with dip of about 22° SW., is cod- 
picuously displayed in the topography (PI. 
II), and the beds atone time evidently lapped 
ip over the southwest slope of the Pinal Range, 
'Ulminating probably in a lofty scarp overlook- 
Dg the lower country along Pinal Creek near 



northeast of Globe and tilted about 20° SW. 
The fault plane or zone ia probably covered by 
the Gila conglomerate, which fills the valley of 
Pinal Creek. 

Southwest of the Mescal Range is Dripping 
Spring or Disappointment Valley, which drains 
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*tward into tlie Gila. With its thick 
r Gila conglomerate elaborately sculp- 
y erosion and scored by steep-walled, 
ig arroyoa, which open into broader 
washes" (see PI. IV, A), this is a typ- 
ugh small intermontane valley of the 
n r^on. 

►ripping Spring Range, which forms the 
st wall of the valley, is a minor but dis- 
inear range which reaches an altitude 

feet in Scott Mountain, northeast of 
leen from a distance (PI. IV, B) these 
ns show none of that topographic regu- 
hich gives so obvious a clue to the 
of the Mescal Range but present an 
nee which to the experienced eye indi- 
at their form is due to the action of 
)n an uplifted mass of small fault blocks 
e without systematic arrangement, 
ocks are so small and so numerous that 
)ossible to show them adequately on a 
the scale of Plate II. 
west of the Dripping Si)ring Range is 
3y locally occupied by the Gila, which, 
iversing that range through the gorge 

a small part lies in the southeast comer 
Tea mapped on Plate II, flows north- 
d for about 9 miles in a lowland that 
turally a part of the long depression 
. by San Pedro River from the Mexican 
o its junction with the Gila at Winkel- 
>t south of the area mapped on Plate II. 
Qey is filled to a great and unknown 
ith the GDa conglomerate and perhaps 
posits, intrenched within which is the 
flood ])lain of the river, having a maxi- 
idth of about 1 mile. At Kelvin the 
[•ns westward and escapes through an- 
•rge in the Tortilla Range to the broad 
round Florence and Phoenix, 
'ortilla Range marks locally the south- 
co of the mountain region. This range 
• naiTow and almost buried by the Gila 
erate a few miles south of the area hero 
d, but to the north of the Gila it he- 
ld er and less definite, and certain ])old 
tliis confused mass of hills, such as the 
tion Mountains, have received separate 

The higlier ])ortions of that part of the 
eluded within the area re])resented by 
consist mainly of pre-Cambrian granite 
unger intrusives. South of the Gila 
litic axis is flanked on the cast by sharp, 



narrow ridges composed of the same sedimen- 
tary formations that occur in the Dripping 
Spring and Mescal ranges, but these formations 
are here steeply upturned. Northwest of Ray, 
as far as the south end of the Mazatzal Range, 
great flows of dacite partly cover the older 
rocks, and from this lava have been carved 
many of the most conspicuous topographic 
features in that part of the field. 

STREAMS AND SPRINGS. 

The only large perennial streams in the re- 
gion are Gila River and Pinal and Mineral 
creeks, although little runnels of pure water 
may generally be found throughout the year 
in some of the shady ravines of the Pinal 
Range. Small springs of potable water are 
distributed rather evenly over the mountainous 
portions of the area, there being probably 
between 40 and 50 perennial springs in the 
Globe and Ray quadrangles combined. 

The discharge of the Gila has been measured 
at San Carlos, 25 miles above the point where 
it enters the Ray quadrangle, and also at a 
locahty known as *Hhe Buttes," about 12 
miles west of Ray Jimction. The results are 
shown in the following table: * 

Estimated annual discharge, in acre-feet, of OUa River 
at the Buttes and San Carlos , Ariz. 



Tlio Buttes. SanCarhxs." 



Seasonal year 1889-90, Sept. 1 to 

Aug. 31 366,561 

Fra( tional year 1895, Aug. 1 to I>eo. 

31 354,429 

Year 1896 616, 206 

Fractional year 1897, Jan. 1 to Oct. 3. 503. 585 

Year 1898, a])proximate 363, 902 

Fractional year 1899, Jan. 1 to Sept. 

30 '. , 203, 910 



329,905 

318, 986 
654,585 
453, 227 
327, 512 

187. 519 



I 



a Discharge at San Carlos estimated as W per cent of volumo ct the 
Buttes. 

Lippincott ^ has concluded that the mean 
annual discharge at San Carlos is 422,184 acre- 
feet and at the Buttes 400,093 acre-feet, the 
difference being due cliiefly to the contribution 
of the San Pedro near Winkelman, just south 
of the Ray quadrangle, altliough Mineral Creek 
at certain seasons is also a considerable affluent. 
An annual discharge of 409,093 acre-feet is 

1 Lippincott, J. B., StoniRe of water in <!Ilu River: U. 8. Geol. Survey 
Wiiter-Supply Taper 33, p. 2'>, P.KK). 
« Idem, p. 30. 
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equivalent to an average flow of 25,900 miner's 
inches, or approximately 4,850 gallons a 
second. 

The river where it crosses obliquely the val- 
ley between the Dripping Spring and TortUla 
ranges is bordered by an irregular flood plain 
that has a maximum width of 1^ miles. Some 
of this land is under cultivation, but the river, 
which in midsimimer is a shallow, easily forda- 
hie stream, is subject to violent floods, es- 
pecially in January and February, which render 
more or less precarious the tenure of the culti- 
vators. Even at low water the GUa carries 
much fine silt, and of course at times of flood it 
is much more heavily laden. The San Pedro 
in the dry season carries little visible water, 
and the bed of Mineral Creek near its mouth is 
normally dry. The appearance of Mineral 
Creek immediately after a rain is shown in 
Plate V, A, and a view of the Gila as it enters 
the gorge west of Ray Jimction appears in 
Plate V, B. At the time this view was taken 
the river was slightly swollen by local rains. 

Abimdant water is obtainable by pumping 
from wells of moderate depth sunk in the al- 
luvial plain of the Gila, and it is from this 
source that the large supply is obtained for the 
concentrating mill and smelter at Hayden. 
Similarly, the underground flow of Pinal Creek 
supplies the town of Globe, and water for the 
mills of the Miami district is obtained partly 
from the same flow, partly from a storage dam 
across Pinal Creek, and partly from the lower 
levels of the Old Dominion mine, whicrh pumps 
(1915) from 7,500,000 to 8,000,000 gallons a 
day and drains a lai^e area of the Gila con- 
glomerate adjacent to the town of Globe. 
The Miami Copper Co. in 1915 purchased 730,- 
000,000 gallons. 

The water used at Ray is derived partly 
from springs and partly from the upper por- 
tion of Mineral (Veok. 

CLIMATE AND VEGETATION. 

The ore ])odies (lescribod in this volume owe 
their imj)ortan(e to enrichment effected through 
the agency of downward-moving atmospheric 
water, and it is therefore clear that precipita- 



tion, as determining the quantit; 
available for erosion and enrich 
vegetation, as influencing the cl 
erosion and the quantity of water a 
the ground, are factors to be consic 
discussion of the ores, even thoug 
be shown that the main enrichment 
before the present climatic condi 
established. 

In consequence of its considerable 
in altitude, the region enjoys coi 
diversity of climate and flora, the 
ranging from those exemjJified b^ 
paratively well-watered and pine-c 
the Pinal Kange to the dry, gravel 
the larger valleys, with their scai 
of typical desert plants. At Globe 
elevation is 3,500 feet, no complete 
precipitation have been kept, but 
ported to the Weather Bureau foi 
1894, 1908, and 1909 give a irn 
rainfall of about 15.5 inches. At 
ranch, 12^ miles southeast of Globi 
feet higher, the mean annual prec 
23.5 inches; at San Carlos, on the 
miles east of the region mapped o 
and 1,000 feet lower than Globe, it i 
and at Dudleyville, on ^the Gila ju 
the area represented by Plate II an< 
above the sea, it is 14 inches. Tl 
precipitation is along the crest of 
Range, where considerable snow fal 
normal winter. 

The upper parts of these moimta 
well wooded, in spite of the ravage 
sawmills and woodcutters before th 
ment of the Crook National Forest, 
in the region, excei)t here and ther 
shaded ravines and northern slopes, 
tion is too sparse to have much i 
the retention of the surface watei 
protection of soil. Cactuses of wic 
in form and flower, from the giant 
small creeping or sessile s])ecies, ; 
agaves of various kinds, and tho 
such as the cat^s-claw, mesquite, an< 
are the plants that give character t 
sca])e and at times of bloom adc 
distinctive beaut v. 
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INTRODUCTORY OUTLINE. 

rhe sequence and thickness of the geologic 
mations in the Ray-Miami region are shown 
figure 2. The column, however, does not 
resent the full history of deposition in this 
ion. Between certain divisions are \mcon- 
cnities showing that at times the accumula- 
a of sediments on a sea bottom or near sea 
el was interrupted by uplift and erosion, 
addition to the four unconformities plainly 
ognizable there are possibly others in the 
ks below the Devonian, although all the 
is provisionally included in the Cambrian 
)ear to have been laid down without any 
»ak in sequence. 

rhe fundamental rocks of the region are 
*se designateci the Pinal schist, commonly a 
nly laminated sericitic variety, and certain 
nitic rocks that have been intruded into the 
ist. The Pinal schist consists in the main 
metamorphosed sedimentary rocks. Both 
I schist and the granite are pre-Cambrian 
I wer6 subjected to long erosion before the 
)osition of the succeeding formations, 
losting as a rule directly on the worn surface 
the pre-Cambrian crystalline rocks is the 
inlan conglomerate. This formation varies 
ijharacter and thickness from place to place, 
lorally in the Ray quadrangle it is about 15 
b thick and contains abimdant well-roimded 
>bles, some of which are quartzite. In some 
ces weathered, disintegrated, and rece- 
nted granitic detritus, or arkose, lies be- 
)on the conglomerate and the pre-Cambrian 
nito. 

^e Scanlan oonglomorato is overlain con- 
mably by the Pioneer shale. As a rule this 
nnation consists of dark red(lish-bro\vTi more 
loss arenaceous shale composed largely of 
) granitic detritus with little or no calcareous 
terial. At many places the shale grades 
vnward into arkosic sandstone. Abundant 
nd or elliptical spots of li<2:ht-])ufr or greenish 
r>r are hitjjhlv" characteristic of the shale, 
^ext above in the stratigraphic series is the 
rnes conglomerate, which in its t^^pical de- 
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velopment consists of smooth pebbles of white 
quartz and of hard vitreous quartzite in an 
arkosic matrix. The pebbles are generally less 
than 6 inches in diameter. Small fragments 
or pebbles of bright-red jasper, although 
nowhere abundant, are a veiy characteristic 
and constant feature of this conglomerate, 
which in the Ray-Miami region is from 10 to 
40 feet thick. 

Conformably overlying the Barnes con- 
glomerate is a formation of quartzite and 
quartzitic sandstone from 400 to 500 feet thick, 
the Dripping Spring quartzite. In most locali- 
ties in the Globe, Ray, Florence, and Roosevelt 
quadrangles this formation is closely asso- 
ciated with thick intrusive masses of diabase, 
chiefly in the form of sheets following the 
bedding planes but also as crosscutting bodies 
connected with the sheets. 

The Mescal limestone conformably overlies 
the Dripping Spring quartzite. It is composed 
of thin beds that have a varied range of color 
but are persistently cherty. The sihceous 
segregations as a rule form irregular layers 
parallel with the bedding planes, and on 
weathered surfaces these layers stand out in 
relief and give the hmestone the rough, gnarled 
banding that is its most characteristic feature. 
The average thickness of the Mescal limestone 
in the Ray-Miami region is about 225 feet. 
At the time of the diabase intrusions the 
Mescal offered less resistance to the advance of 
the magma than the other formations, and it 
has been much broken and displaced by the 
force of the igneous invasion. In places it is 
represented only by fragments included in the 
diabase. Between the limestone and the over- 
lying formation is a layer of decomposed 
vehicular basalt whoso maximiun observed 
thickness is from 75 to 100 foot, -^ilthough the 
basalt in places is much thiimor than this, the 
flow was apparently cooxtonsivo with the 
Mescal limestone throughout the Ray and 
Globe quailrangles and has ])een recognized as 
far north as Roosevelt. This basalt, owing to 
its small thickness, has been mapped with the 
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Uescat limestone in the Say quadrangle, 
although it is not included in the definition of 
that formation. 

The succeeding formation is the Troy quartz- 
ite, about 400 feet thick, in the Ray-Miami 
r^on. Everywhere in thia r^on it is sepa- 
rated from the Mescal limestone by the basalt 
flow, and tjiis may possibly indicate some un- 
conformity. No evidence of erosion, however, 
has been detected either below or above the 
basalt, which may have flowed over the sea 
bottom. 

All the beds thus far described as above the 
great unconformity at the base of the Scanlan 
conglomerate constitute the Apache group and, 
although no fossils have been found in them, 
are believed, for reasons presented on pages 49 
and 50, to be of Cambrian age. It is possible 
that some of the beds near the top of the group 
may represent Ordovician and Silurian time, 
but there is no fossil evidence for this. Nor 
has any unconformity been detected to account 
for the apparent lack of representation of these 
two great periods. 

Conformably above the Troy quartzit« is the 
Martin limestone, which is about 325 feet thick 
m the Ray-Miami region, Thia formation is 
divisible into upper and lower portions of 
nearly equal thickness. The upper portion 
carries characteristic Devonian fossils, but no 
identifiable f9ssils have been found in the lower 
portion, which consequently can not be re- 
garded as unequivocally Devonian. 

The Martin limestone is conformably over- 
lain by a thick-bedded light^ay limestone 
that is nearly everywhere a prominent cliff 
maker. This is the Tornado limestone. As 
exposed in the Ray quadrangle it has a maxi- 
mum thickness of at least 1,000 feet. As its 
upper limit is a surface of erosion dating in part 
from early Mesozoic time, the limestone was 
probably once much tliitker. It is of Car- 
boniferous age. 

jVft«r the deposition of tlie Toinado lime- 
stone the region was uplifted above aca level 
and underwent ero-sion, probably until Cre- 
taceous sedimentation began. The diabase is 
thought to have been intruded wlien this up- 
hft occurred, in lule Ptdeozoic or early Meso- 
zoic time. ' Intrusive relalioiis show very 
clearly that the diabase is younger than the 
Troy quartzite. Tho Martin and Tornado 
limestones have been tut only here and there 
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by small bodies of diabase that are supposed to 
represent parts of the same magma that solidi- 
fied in larger masses at lower stratigraphic 
horizons. 

In the southern part of the Kay quadrangle 
and stretching southward across the Gila is a 
broad belt of andesitic tuff and breccia asso- 
ciated with some andesitic lava flows and cut 
by many porphyry dikes of andesitic to dioritic 
or monzonitic character. In places the ande3- 
ite is separated from the eroded surface of the 
underlying Tornado hmestone by a few feet of 
angular cherty detritus, clay, or fine, soft tuff. 
Along the Gila, however, and according to 
Campbell ^ south of that stream a coarse con- 
glomerate lies at the base of the volcanic series. 
Walcott* and Campbell both refer to the andes- 
ite as overlying Cretaceous sediments and con- 
nected wiUi them by the intercalation of 
sedimentary layers containing a little coal. 
Presumably, therefore, the andesite, like the 
coal, is Cretaceous. 

The eruption of the andesitic rocks was fol- 
lowed by the intrusion, in the general order 
enumerated, of (1) quartz diorite, in small 
irregular masses and a few dikes of considerable 
thSe; (2) granite, quartz monzonite porphyry, 
and granodiorite, m masses, some of which, as 
the Schultzse granite, are several miles in diam- 
eter; and (3) quartz diorite porphyry, in 
dikes, sills, and small rotund masses. The 
rocks of the second group are closely related to 
the eopp<;r deposits. The time of intrusion of 
aJl the rocks mentioned is not definitely known. 
Tbey are provisionally considered early or 
mi'Mle Tertiary. 

Tlie intrusion of these rocks was followed by 
m [Mfriod of erosion during which was deposited 
in parUi of the region the Whitetail formation, 
i4 vary irregular thickness, consisting chiefly 
44 cAmrm angular or only slightly waterworn 
Iftiid d4$irituH. 

^riiif niixt rock in order of time is dacite, 
wUisth WfiH poured out as a thick lava flow, or 
ff^pmiUly ttM a seriim of flows. Although the 
^{^/liiiiiuity of this lava cover has been much 
hrok*^n by fnultiiiK and erosion the dacite still 
fpi'^AiftUm a liir^i) portion of the area. The for- 
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mer maximum thickness is unknown, but 
existing remnants show that it must have ex- 
ceeded 1,000 feet. The age of the dacite is not 
closely determinable, but the lava is supposed 
to have been erupted in the later half of Ter- 
tiary time. 

The outpouring of the dacite was followed by 
extensive faulting and vigorous erq^ion. Dur- 
ing the erosion period, probably in early Qua- 
ternary time, the Gila formation accumulated 
in the valleys. This is a fluvio-lacustrine de- 
posit ranging from very roughly bedded coarse 
angular detritus near the mountains to well- 
bedded silts and gypsum layers in the middle 
of the broader valleys. The Gila formation 
has been deformed by faulting and in general 
has been deeply cut by erosion. 

PRE-CAMBRIAN ROCKS. 

PINAL SCHIST. 

OCCURRENCE AND DISTRIBUTION. 

The oldest formation in the Ray-Miami 
r^on is the Pinal schist,' of pre-Cambrian and 
possibly of Archean age. With various gran- 
itoid intrusives it constitutes a basal complex 
upon which the Paleozoic sediments were laid 
down, and is particularly important as being 
the general country rock of the disseminated 
copper deposits. 

The most extensive body of schist visible in 
the region (see PI. II) is that* of the Pinal 
Range, exposed over an area about 16 miles 
long from southeast to northwest and about 12 
miles in greatest width. This mass, however, 
is not all schist; it contains much irregularly 
intruded pre-Cambrian quartz diorite (Madera 
diorite) and granite, with a considerable body 
of a much younger intrusive rock, the Schultze 
granite. The Miami copper deposits occur in 
the northeast comer of this schist area, in asso- 
ciation with the Schultze granite. 

Faulting, followed by denudation, has led to 
the exposure of many small areas of Pinal 
schist at the northwest end of the Dripping 
Spring Range and in the valley of Mineral 
Creek near Ray. Evidently the schist is the 
I)revalent fundamental rock of this part of the 
region, and deeper erosion would reveal its 
dire(*t connection with the mass exposed in the 

» Nnraed and defined in U. S. Oeol. Survey Prol. Paper 12, p. 23, 
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Pinal Range. The principal area of schist 
near Ray lies for the most part on the west side 
of Mineral Creek and contains the valuable 
disseminated copper ores of the Ray district. 

LrreoLOOiG characteb. 

lake most crystalline metamorphic format 
tions, the Pinal schist is not imif orm in appear- 
ance. The diveigencies from what may be 
considered the typical schist are mainly of two 
kinds — those due to differences in the original 
materials from which the schists were formed 
and those dependent upon local variations in 
the intensity of the metamorphism. As exam- 
ples of the first kind may be mentioned certain 
subordinate bands of amphibolite schist in the 
Globe quadrangle and some irregular bands of 
an unusual variety southwest of Ray, described 
on page 34. The second kind of variation is 
illustrated by the increase of the crystaUinity 
of the schists and the development of additional 
minerals in them near the contact with intru- 
sive masseS; such as the pre-Cambrian quartz- 
mica diorite (Madera diorite) of the Pinal 
Range or the quartz monzonite porphyry of 
Granite Mountain, southwest of Ray (PI. VI). 
On the whole, within the Globe-Ray r^on 
variations dependent upon degree of meta- 
morphism are more conspicuous than those 
dependent upon differences in composition. 

In general the Pinal schist is light gray to 
blue-gray, with a more or less satiny luster on 
cleavage surfaces. In texture the varieties 
range from very fine grained slaty sericitic 
schist to imperfectly cleavable, coarsely crys- 
talline quartz-muscovite schist carrying locally 
andalusite or sillimanite. The coarsely crys- 
talline varieties occur chiefly in the Globe 
quadrangle, in the vicinity of the Madera diorite 
in the Pinal Mountains, and grade into the less 
metamorphosed kinds that make up the bulk 
of the formation and are characteristic of most 
of the exposures in the Ray quadrangle. Asso- 
ciated with the lustrous silvery sericitic schists, 
particularly in the Globe quadrangle, are a 
few layers of green amj)hibolitic schist. 

In the areas of schist exposed from the town 
of Ray northeastward to the south border of 
the Globe quadrangle the prevalent variety is 
aa aphanitic fissile bluo-gray rock that disin- 
tegrates readily so that slopes on the schist 

103806^—19 3 



present a characteristic glistening 
distinguishable at a distance from 
into which other formations bre 
weathering. Small, ill-defined da: 
to the local segregation of some o 
colored constituents especially bii 
rite, are conunon in certain banc 
rather conspicuously spotted sch 
the contact zone of the granite 
Granite Mountain, near Ray. 

Microscopic sections show that 
constituent minerals of the typica! 
fissile schist are quartz and s 
quartz occurs in part as grains 
* outline as much as 0.5 millimetei 
in a finely granular groundmass c 
sericite with many dustlike parti 
netite. Small, short prisms of to 
fairly abimdant, and minute roui 
of zircon are sparsely disseminc 
the rock. The fissility of the scl 
mined by the general parallel an 
the sericite flakes and a tendency 
eral to form thin layers separat 
spondingly thin layers of quarts 

A specimen collected 2 miles 
Pinal Peak, a few hundred fe 
Madera diorite, may be taken t 
the coarser mica schist. This 
gray rock of imperfect cleavage 
faces of fresh fracture flashes 
lar plates of white mica, generaU 
a centimeter across. Under thi 
the principal constituents are 
quartz and muscovite in verj 
bounded crystal grains. The mus 
both in comparatively large plal 
which inclose grains of quartz, and 
leaved variety known as sericiU 
ordinate minerals are magnetite, 
fibrolite, rutile (?), and chloi 
varieties of the schist near the q 
contain abundant andalusite. 

Chemical; analyses of samples 
schist are given on page 35, where 
the origin and metamorphism o 
tion. 

In connection with the genera 
the Pinal schist, the exceptic 
already referred to as occurring 
deserves brief description. As si 
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geologic map of the Ray district (PI. XLV) 
the exposures of this schist form a complex 
east-west band that conforms with the general 
strike of the normal schist on the north slope 
of Granite Moimtain, just south of the princi- 
pal area of cupric metallization. 

On surfaces transverse to the planes of 
schistosity this schist shows conspicuous len- 
ticular eyes of quartz, the largest a centimeter 
in length, around which the finer material of 
the schist curves in flowing lines of foliation. 
(See PI. VII.) Associated with the quartz in 
some facies are much more compressed lenses 
or films of dark material that appear to be 
chiefly aggregates of minute biotite or chlorite, 
scales. These rocks are as a rule of dull gray 
color, are not conspicuoiisly micaceous, and 
consequently do not have the luster or sparkle 
of the ordinary schist. 

Under the microscope (PI. VII, B) some of 
the quartz eyes, although cracked, deformed, 
and even granulated, show the embayed out- 
lines characteristic of quartz phenocrysts in 
siliceous porphyries. Associated with these 
are crystals of feldspar, in part orthoclase and 
in part sodic plagioclase. The feldspar, which 
presumably at one time possessed automorphic 
outlines, is now separated from the groundmass 
of the rock by indistinct ragged lines, as seen 
in thin sections, suggestive of some recrystalli- 
zatfon of the feldspar material. The crystals, 
moreover, contain abundant minute inclusions 
of sericite and biotite which have developed 
within them in the course of the metamorpliism 
of the rock to a schist, and some aggregates of 
sericite probably represent completely altered 
feldspars. Most tliin sections show also a few 
small phenocrysts of magnetite, which, like 
the quartz, have been fractured and deformed. 

The groimdmass of this variety of the schist 
is a fine-textured aggregate of quartz, sericite, 
biotite, and magnetite. These minerals are 
not evenly distributed but are segregated 
into curved irregular layers so that, when seen 
in thin sections transverse to the foliation, the 
rock suggests flow structure as well as schis- 
tosity. 

It is highly probable, as will presently be 
shown, that this exceptional facies of the 
Pinal scliist was originally a glassy rhyolitic 
lava with eutaxitic flow banding and that 



schistosity was subsequently developed in 
general parallelism with this earlier structure, 
just as it has followed, in the main, the planes 
of bending in the sediments, from which the 
prevalent sericitic schist was developed, al- 
though there are doubtless many places where 
the older and younger structures diverge. 
Field relations indicate that the igneous mate- 
rial was once a fairly regular layer in those 
sediments and not an irregular intrusion. The 
present intricacy of plan is probably the result 
of folding and close compression. A chemical 
analysis of this facies is given on page 36. 

Associated with the metallized schist in the 
Ray district are bodies of dark, generally soft 
and decomposed schist that was evidently at 
one time an igneous rock, probably a diabase. 
These masses are not large and as a rule are 
not ore bearing, but they are so related to the 
ore bodies as to deserve careful study. They 
can be discussed in connection with the de- 
tailed account of the Kay ore deposits (see p. 
125) more appropriately than in a general sec* 
tion on the Pinal schist. 

STRUCTURAL FEATURES. 

As might be expected in rocks so old and so 
intricately intruded by batholithic granitic 
masses during more than one geologic period, 
tlie Pinal schist shows variations in -the strike 
and dip of its planes of schistosity, and locally 
these planes are intensely crumpled and con- 
torted. The disturbance is probably least in 
the broad belt on the lower southwest slope 
of the Pinal Range. In this area regularly 
laminated sericite schists, containing some 
layers in which the original character of 
quartzose grits is distinctly recognizable, pre- 
dominate, but toward the Madera diorite they 
change to more coarsely crystalline muscovite 
schists. The prevaihng strike of the schis- 
tose cleavage in tliis and in other schist areas 
of considerable extent is northeast. The dip 
ranges from 45° to vertical and is generally to 
the northeast. As a rule the schistosity is 
rouglily parallel with whatever larger banding 
due to differences in the composition of the 
schists may be discernible. This fact is ac- 
cepted as an indication that the schistosity is 
approximately parallel with the original bed- 
ding of the rocks. It is noteworthy that the 
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general strike of the schistose cleavage is not 
parallel with the present mountain ranges of 
the region but in the lai^est area of exposure 
runs nearly at right angles to them. 

Excessively crumpled laminae are charac- 
teristic of the schist in the vicinity of Miami 
and on Pinto Creek, near the mouth of Cotton- 
wood Creek. This intense local deformation, 
while probably favorable for ore deposition, 
other things being equal, was apparently 
neither a necessary factor in metallization nor 
an invariable accompaniment of that process. 

• OBIOIN AND METAMORPHISM. 

The forgoing description has given antici- 
patory suggestions of the conclusion that the 
Pinal schist is, in the main, a series of meta* 
morphosed sediments. The evidence in sup- 
port of this view, part of which was adduced 
in 1904,* may now be examined a little more 

closely. 

In general the mineral composition of the 
prevalent kinds of schist, their regular banding 
where not locally disturbed, and the finely 
fissile character of most of the rock are indica- 
tive of sedimentary origin. That at least a 
part of the formation was originally sediment- 
ary is clearly proved by the presence near 
Mineral Creek, at the western base of the Pinal 
Range, of some layers in which small quartz 
pebbles are still recognizable. Moreover, in 
the vicinity of Rav and west of that town, a 
considerable part of the schist is a gray, fine 
granular, moderately fissile rock presenting 
the unmistakable aspect of a squeezed and 
metamorphosed sandstone, accompanied by 
still finer gmined varieties that were evidently 
at one time shale. In some places the original 
bedding is plainly apparent. Thin sections 
of this variety, seen under the microscope, 
show rotimd but irregular grains of quartz 5 
millimeters in maximum diameter in a ground- 
mass consisting cliiefly of quartz and sericite. 
The large quartz grains show the eiTects of 
granulation with more or less recrystallizatiori 
under pressure. 

Additional evidence from the chemical side 
may be drawn from the data presented in the 
following table: 

» U. 8. Geol. Survey I'rof. Paper 12, p. 27, 1903. 
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1. Pinal Bchist (Ry 348). Ra\dne half a mile sout 
of Vitoria, close to contact with granite porphyry m 
Granite Mountain, Ray district. R. C. Wells, an 

2. Pinal schist (Ry 832). South slope of Red 
Ray district. Geom Steiger, analyst. 

3. Pinal schist (MS). Dump of prospecting shaft 
feet west of the office of the Warrior mine, on nortl 
of Webster Gulch, Bliami district. George Steieer, an 

4. Composite analysis of 61 Paleozoic shales. I 
Stokes, analyst. U. 8. Geol. Surv^ey Bull. 419, p. 10, 

5. Average of 79 slates and phyllites, mostly n 
slates, compiled by E. 8. Bastin. (Chemical compo 
as a criterion in identifying metamorphosed sedin 
Jour. Geology, vol. 17, p. 456, 1909.) 

The variety of Pinal schist representor 
analysis 1 is a fresh bright-gray sparkhng 
which, owing to its proximity to the gn 
porphyry, is a little more conspiciic 
crystalline than most f acies of the schist, 
contains andalusite but probably has 
undergone much change in composition. 

The microscope shows that the constit 
crystal grains are mostly loss than 0.6 r 
meter in diameter, although groups of 
very irregular grains of andalusite ha"^ 
common optical orientation over larger i 
of the thin section, and tliis mineral exh 
a tendency toward poikilitic devolopn 
In the order of apparent volumetric abund 
the component minerals are quartz, seri 
biotite, andalusite, magnetite, chlorite, 
zircon. The chlorite is probably secon 
after biotite. 

The schist from the Red Hills, represe 
by analysis 2, is a fine-grained gray slaty i 
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uiiiifr«M*tml by contact metamorphism and not 
lii^hly crysttdline. It is obscurely banded, 
Inyc^FH of tdaty material alternating with layers 
of Kli^htly (*x>arser texture in which are granules 
of quartz visible to the naked eye. The 
microscopo shows that the rock was probably 
oiu^ a fine impure sandstone or graywacke 
and that the clastic quartz grains have sur- 
vived the recrystellization of the matrix as 
quartz, soricito, biotite, and magnetite. This 
rock is fairly typical of the schist in the 
northern part of the Ray district. 

The rock from Webster Gulch (analysis 3) 
contrasts strongly with the Bed Hills rock in 
general appearance, though the two are rather 
surprisingly similar in chemical composition. 
It is highly crystalline, and the abundance of 
soricite gives an unusually bright silvery luster 
to the rough, knotty masses into which the 
rock cleaves in consequence of its contorted 
lamination. The sample is thoroughly typical 
of the unmetallized schist of Webster Gulch 
and the northern part of the Inspiration mine. 

With respect to fairly high silica, to an excess 
of over 10 per cent of alumina above the quan- 
tity required to combine with the KjO, MgjO, 
and CaO molecules in a 1:1 ratio, to a pre- 
ponderance of magnesia over lime, and to a 
like preponderance of potash oyer soda, the 
analyses of the Pinal schist satisfy the chem- 
ical criteria for sedimentary origin as summa- 
rized by Bastin.* The close resemblance of 
the composition of the schist to those of shales 
and slates is evident from the composite anal- 
ysis and the average of analyses given in col- 
umns 4 and 5 of the table on page 35. On 
the whole, the schist analyses exhibit even 
more decidedly than those with which they are 
compared the chemical features characteristic 
as a rule of shaly sediments in comparison with 
igneous rocks. 

The progressive steps whereby the pre-Cam- 
brian sediments and small associated bodies of 
ijrneous material were transformed to schists 
are not easilv" re traceable, nor are the causes 
of the metamorphism entirely clear. Tlie ef- 
fects of the intrusion of the pre-Cambrian 
quartz diorito and granite of the Pinal Range 
are so pronounced near the contacts and de- 
crease so gradually outward as to give consid- 

i Hastlii, K. S., op. clt., p. 472. 



esable force to the suggestion that the first 
crystalline metamorphism dates from these in- 
trusions. The Pinal schist at Clifton and Bis- 
bee is accompanied by pre-Cambrian granitic 
intrusives, as are also the probably equivalent 
Yavapai schist of the Bradshaw Moimtains and 
the schist of the Grand Canyon. Without 
further discussion of the question here, expres- 
sion may be given to the opinion that the 
general metamorphism of the Pinal and equiv- 
alent schists in Arizona was probably connected 
directly with the extensive batholithic inva- 
sions of granitoid rocks in pre-Cambrian time. 
The fact that the Madera diorite and other pre- 
Cambrian intrusive masses are themselves in 
places more or less gneissoid shows that meta- 
morphism continued after solidification of their 
now visible parts. Moreover, the intrusion of 
the Schultze granite and of the granite por- 
phyries near Ray locally intensified the meta- 
morphism of the Pinal schist. Tliis may be 
well seen on Granite Mountain, southwest of 
Ray, where the schist near the granite por- 
phyry is generally more coarsely crystalline 
than elsewhere and in places carries poikilitic 
crystals of andalusite. Other varieties are con- 
spicuously spotted by the segregation of chlor- 
ite. Other varieties are conspicuously spotted 
by the segregation of chlorite or mica about 
numerous centers of crvstallization. (See PI. 
VI.) 

The exceptional schist described on pages 
33-34 as occurring west of Ray is different in 
composition from the normal Pinal schist, as 
appears below: 

Chemical analysya of rhyolite tchUt three-fourths of a mile 
north of summit of Granite Mountain^ Hay district. 



[George RtolKor, analyst.] 
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SiOj 

TiOj 66 

AI2O3 12.89 



FeA 

Feb 

CaO 

MjrO 

Na.0 

K,0 

IIoO bolow 110°. 

U.,0 above 110°. 

PA 

MuO 



2.40 

1.76 

1.90 

.82 

3.01 

3.03 

.26 

.64 

.13 

.07 



100.44 
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In terms of the norm ajretem of classification 
of igneous rocks the norm represented bjr* the 
foregoing analysis is as follows: .7' 

Salic: 

Quartz 1 88.7^ • 

Orthoclase 17.79 

Albite 25.16 

Anorthite 9. 45 

Corundum 1. 22 

92.37 

Femic: 

.Hyperstheno 2.00 

Ilinenite 1.22 

Magnetite 3. 48 

6.70 

This corresponds to the subrang tehamose 
in that system, a subdivision that includes 
rocks commonly classified as granites and rhy- 
olites. This variety of schist is therefore a 
metamorphosed rhyolite or quartz latite and 
was probably poured out as a small volcanic 
flow during the deposition of the ancient sedi- 
ments that now form the Pinal schist. 

Although andalusite appears to be confined 
to the immediate vicinity of the intrusive 
rocks, there is in general no definite recogniz- 
able distinction between the metamorphism 
effected at different periods or between the 
local contact modifications and the more 
general metamorphism. 

a&ANinC INTBUSIVS BOCKS. 
PRINCIPAL VARIETIES AND THEIR DISTRIBUTION. 

On tho accompanying general geologic map 
(PI. II) all the pre-Cambrian granitic rocks are 
shown as a cartographic unit. In the Globe 
folio, however, six distinct intrusives were 
mapped, of which one, the Schultze granite, 
is now believed to be post-Cambrian and two 
others, the Willow Spring granite and the 
Lost Gulch monzonite, are possibly also post- 
Cambrian. Another, the Solitude granite, is 
exposed only over a small area about 5 miles 
southwest of Globe and need not be further 
considered hero. This loaves for the pro- 
Cambrian granitoid rocks of the region two 
widespread and important types — quartz-mica 
diorite (Madera diorito) and biotite granite 
(including tho Ruin granite of the Globe folio). 
The quartz-mica diorite is most abundant in 



the Pinal 'Range, where it is intricately in- 
truded into the Pinal schist. The biotite 
granite is exposed as the basal rock in the 
much-faulted northwest comer of the Globe 
quadrangle and is the principal rock of the 
Tortilla Kange from the vicinity of Ray south- 
ward past Kelvin and beyond the southern 
and western limits of tlie area here described. 

QUARTZ-MICA DIORrTE (mADERA DIORITE). 

The name Madera diorite, from Mount 
Madera, in the Pinal Range, was first applied 
in the Globe report,* in which the diorite was 
described as generally a gray rock of granite 
texture and habit, consisting essentially of 
plagioclase feldspar (cliiefly andesine) with 
quartz and black mica (l)iotite). Orthodase 
and microcline occur in some varieties that 
approachgranodiorite in composition; in others 
the occurrence of hornblende indicates grada- 
tion toward tonalite. A tendency toward 
gneissic foliation was noted in some localities. 

The rock is not altogether uniform in texture 
or composition, and it is probable that were 
the surface scoured clean by glaciation, detailed 
work would afford data for the discrimination 
of two or more varieties. But disintegration, 
in part as a result of pre-Cambrian weathering, 
is deep and general, so that it is impracticable 
to treat the rock mass other than as a imit. 

In the Globe report the f acies exposed along 
the stage road northeast of Pioneer Mountain 
was described as being rather coarser than the 
typical Madera diorite and as consisting of 
plagioclase (AbjAnj), quartz, biotite, micro- 
cline, and a little muscovite, with accessory 
titanite, apatite, magnetite, and zircon. Bio- 
tite is so abundant as to give the rock as a 
whole a rather dark-gray color as compared 
with ordinary granite, and there is a suggestion 
of gneissic foliation in the arrangement of the 
minerals. Tlie specimen appears to be fairly 
representative of tlie Madera diorite east of 
Pioneer Mountain, along the northern edge 
of the Ray quadrangle. A chemical analysis 
of this rock, taken from the Globe report, is 
given below, together with an analysis of what 
was regarded as the more iiearly typical variety 
in the Globe quadrangle. 



I u *? 



CfCol. Suney Trof. Taper 12, p. 5s, 1903. 
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Chtmieal analytei of quarti-miea dicriU from the Globe 

quadrangle. 

[W. F. HiUebrmnd, uttlyst.1 



SiO,. 

AlA.... 

MgO 

CaO 

Na-0 

KjO 

H,0 below 1 10** C 
HoO above 110*» C 

Tib, 

ZrOa 

CO, 




F.... 

8.... 

Cr,0, 

NiO. 

MnO. 

BaO. 

SrO.. 

Li^O. 

FeSa. 



68.74 

16.02 

4.16 

3.50 

2.18 

6.12 

3.26 

2.39 

.83 

1.60 

1.29 

.06 

None. 

. 66 

Undet. 

Undet. 

a. 06 



Trace. 
.22 
.10 

Trace. 

Trace. 
.11 




61.99 

15.81 

3.28 

2.69 

2.24 

4.62 

2.73 

2.51 

.91 

1.99 

.94 

.03 

None. 

.11 

Undet. 

Undet. 

Trace. 

Trace. 

Undet. 

Trace. 

.06 

Undet. 

Undet. 



a Calculated as Fe8t. 

1. Globe-Kelvin stage road, 2 miles south of Pinal Peak 
or 1} miles east -northeast of Pioneer Mountain. 

2. West slope of Pinal Kange, 2 miles southwest of 
Mount Madera. 

Ill the norm system of classification the rock 
from the Globe-Kelvin stage road (No. 1) is 
tonalose. 

At no place southeast of the stage road has 
any marked change been detected in the gen- 
eral character of the prevailhig rock, yet exami- 
nation of successive exposures in that direction 
sho^^ a notable increase in pink potassium 
feldspar in the form of phenocrysts. A speci- 
men collected a mile northeast of Old Baldy is a 
slightly foliated porphyritic gneiss containing 
anhedral pheiiocrj^sts of potassium feldspar 4 
centimeters or less in length in a groundmass 
closely similar ta the general mass of the rock 
represented by analysis 1, above. The feld- 
spar phenocrysts as seen in thin section show 
in part the oi)tical character of orthoclase and 
in part that of microcline, there behig in this 
rock no sharp distinction possible between the 
two fonns. The characteristic microcline twan- 
uing is as a rule not conspicuously developed, 
and, as is well knowTi to petrographei-s, ortho- 
clase may l)c regarded as microcline in which 
the twinning lamellae are submicn)sc()pic. 



The relative abimdanoe of phenociTBts and 
gioundmaaB varies from place to place, and 
where the porphyritic dystals are ntunerons the 
composition of the mass as a whole must be 
considerably different from that given in col- 
imm 1 of the table on this page. Such f acics 
should probably be classed as graaodiorite or 
quartz monzonite. In the absence of abundant 
fresh material, however, it did not appear that 
decision on the exact place in classification of 
these variable porphyritic varieties was of such 
moment as to warrant chemical analysis. 

ORANFTE (BiorrrE granfte). 

In all ordinary exposures the granite is 
weathered and in various stages of disintegra- 
tion so that collection of fresh material is rarely 
possible. This is especially true in the vicinity 
of the lower Paleozoic sediments^ wl^ere the 
granite is generally reddened by pre-Cambrian 
oxidation. 

It consists as a rule of large, shapeless pheno- 
crysts of flesh-colored potassimn feldspar from 
2 to 5 centimeters in length in a groundmass of 
coarsely crystalline anhedral plagioclase and 
quartz with a moderate proportion of biotite. 
(See PL XV, A, p. 65.) 

The microscope shows that the phenocrysts 
are, in the main^ slightly microperthitic ortho- 
clase, although in parts of each crystal there 
are obscure suggestions of microcline twinning. 
These crystals are traversed by microscopic 
quartz-filled cracks, and the rock as a whole 
shows evidence of deformation in the zone of 
fracture. The plagioclase is a sodic variety, 
probably ohgoclase, but is too decomposed for 
satisfactory identification. Much of the bio- 
tite is altered to chlorite. 

Owing to its prevalent decomposition no 
detailed petrographic or chemical study has 
been made of this rock, which, although it is 
accompanied by some finer-grained facies, is 
fairly representative of the coarse, more or less 
reddish porphyritic granites that are character- 
istic of the pre-Cambrian generally in Arizona. 
Its relations to the Madera diorite are not dis- 
covera1)le in this region. 

Tlie Ruin granite of tlie northern part of the 
Globe quadrangle, including the mass of Por- 
pliyry Mountain, which in the Globe report was 
erroneously classed ^nth the Schultze granite, 
is virtually identical with the granite of the 
Tortilla Mountains. ^ 
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PALEOZOIC ROCKS. 
8T&ATIOKAPHIC DIVISIOKS AND SEQUENCE. 

The names, thicknesses, and succession of the 
Paleozoic rocks that in the Globe-Ray region 
rest with conspicuous unconf ormi^ upon the 
pre-Cambrian crystalline complex are graph- 
ically summarized in the accompanying colum- 
nar section (fig. 2, p. 31). 

Although in this region the stratified rocks 
have been elaborately faulted, the fault pat- 
tern being on an extraordinarily minute scale, 
and have been extensively invaded by diabase, 
excellent sections, of the kind illustrated in 
Plate Vni, A, may be studied in the Mescal 
Range and in many of the lai^er fault blocks of 
the Dripping SpringRange. The total thickness 
of the beds below the base of the Carboniferous 
limestone and above the pre-Cambrian crystal- 
line rocks is about 1,600 feet. The Carbonif- 
erous limestone is at least 1 ,000 feet thick and 
is limited above by a Mesozoic erosion surface. 
No evidence of angular unconformity has been 
detected within the pre-Mesozoic sedimentary 
series, although the exposures are so good that 
any appreciable angular discordance could 
scarcely escape recognition. 

In the report on the Globe quadrangle and 
in the Globe folio the name ''Apache group" 
was applied to the beds supposed to lie be- 
tween the base of the Devonian limestone and 
the ancient erosion surface on the Pinal schist. 
The Apache group, although mapped as a unit, 
was described in 1903 as being locally divisible 
into four formations, which, from the base up, 
were the Scanl'an conglomerate, the Pioneer 
shale, the Barnes conglomerate, and the Drip- 
ping Spring quartzite. In the minutely faulted 
rocks of the Globe quadrangle no complete 
section of the group could be found, and the 
supposed constitution of the whole was arrived 
at by piecing together fragmentary data from 
different fault blocks under the assumption 
that there was in the region but one limestone 
formation (the Devonian and Carboniferous 
''Globe limestone^O ^^d but one quartzite for- 
mation (the Dripping Spring quartzite). 

When, however, detailed work in the Ray 
quadrangle was begun in 1910 and better nat- 
ural sections were studied, it soon appeared 
that below the Devonian, as shown in figure 2, 
there are two thick formations of quartzite 
separated by about 250 feet of dolomitic lime- 
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be recognizable at all. In other 
)tween Pioneer Mountain atid Old 
) Mescal Bange, the conglomerate 
ckness of fully 15 feet and carries 
ell-rounded pebbles, including a 
dte derived from' some ancient for- 
Low exposed in this region. In the 
Roosevelt, 35 miles northwest of 
Eiglomerate rests on granite, is 30 
lid contains well-rounded pebbles 
9 inches in diameter. The same 
9 has been recognized in the S%nta 
nge, about 45 miles south-south- 
where its thickness at one locality 
)d at about 12 feet. The original 
of this basal conglomerate over an 
85 miles from northwest to south- 
least 40 miles wide is well estab- 
some places weathered, disinte- 
recemented granitic detritus, or 
between the conglomerate and the 
n granite. 

PIONESB SHALE. 

the Pioneer shale,^ named from 
bandoned mining settlement of 
the northern part of the Ray 
consists of dark reddish-brown, 
ss arenaceous shales composed 
ine arkosic detritus with little 
aroous material. In some beds 
' pink feldspar are easily recogniz- 
le imaided eye, and as a rule the 
rd their base grade into arkosic 
3 arkosic basal beds are well devel- 
Apache Mountains, just northeast 
) quadrant^le, where they attain a 
approximately 175 feet. For 75 
le granite these beds are thick, but 
the formation thinner beds appear 
ade upward into the shale, 
round or elliptical spots of light- 
ish color, caused by local reduction 
1 of the ferruginous pigment, are 
rteristic of the formation and sorvo 
ice of clear structural relations to 
ho Pioneer shale from certain sini- 
the stratigrapliically hijjjlier Drip- 
quart zite. Surfaces of fresh frac- 
ly sparkle with minute flakes of 



<'rOol. Siin-^y Trof. l\ii»«'r IJ, \\ 31, K'<XJ. 



Although the Pioneer shale is a soft forma- 
tion in comparison with the conglomerates and 
qiiartzites and weathers into smooth slopes it 
is nevertheless a well-indurated, firm, and in 
places not very fissile rock. The general color 
of the formation as seen on the hill slopes is dark 
red, maroon, chocolate-brown, or dull purplish 
gray. 

Li the Globe report the average thickness 
of the Pioneer shale was given as 200 feet, 
which is about the thickness in the typical 
section at Pioneer, in the northeastern part of 
the Ray quadrangle. In the ravine west of 
Hackberry Spring, in the southwestern part of 
the Ray quadrangle, the shale is 100 feet thick. 
In the canyon of Salt River, below the Roose- 
velt Dam, the formation, which here in its lower 
part consists of alternating beds of sandstone 
and shale, has an estimated thickness of 250 
feet. The average thickness for the region is 
estimated to be about 150 feet. 

The Pioneer shale so far as known is not fos- 
siUferous and presents no characteristics that 
mark it indubitably as marine or fiuviatile in 
origin. It is beUeved to be marine and to have 
been deposited in shallow water. No mud 
cracks have been ol)servcd in it. 

BASNES COKQLOMSBATS. 

Tlie Banies conglomerate, a characteristic, 
persistent, and readily recognized formation, 
lies stratigraphically above the Pioneer shale 
and below the Dripping Spring quartzite. The 
formation was first described in the Globe 
report * and took its name from Barnes Peak, 
in the northwestern part of the Globe quad- 
rangle, where it ranges from 10 to 15 feet in 
thickness. 

There is no apparent unconformity either 
above or below the conglomerate, although the 
abrupt change from a fine shale to a deposit 
of coarse pebbles is indicative of such extensive 
modification of the conditions of erosion and 
s(»dimentati()n under whicli the shales accumu- 
lated iis would seem to demand notable con- 
temporaneous unconformity somewhere witliin 
tlie region of deposition. The surface of con- 
tact ])etweeri tlie shale and the conglomerate 
is wavy and irregular, l)ut the adjacent shale 
layers conform to the unevenness of the con- 
tact, as if they liad settled underload. 
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K TYPICAL HILLSIDE SECTION IN THE MESCAL RANGE. 
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(CorbooifBniu*) linufllone- In tbe distance, acnwi the Drippkog Spring Valiey, in tlie Dripping Spriog Ran^e, 



S. BARNES CONGLOMERATE ON EL CAPITAN CREEK, MESCAL RANGE. 

CAJWBRIAN BEDS. 
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In its typical development, as near Pioneer 
Mountain or on Silver and El Capitan creeks, 
in the Ray quadrangle, the Barnes conglom- 
erate consists of smooth pebbles of white 
quartz and of hard vitreoiis quartzite in an 
arkosic matrix. The pebbles are generally not 
over 6 inches in diameter, but in a few places 
there are some that reach 8 inches. Although 
well roimded, the pebbles are not rotund but 
are flattened ellipsoids or roimd-edged disks. 
They are composed only of the most durable 
materials, and doubtless passed through long 
and varied processes of attrition before they 
came to rest in the Barnes conglomerate. 

In some localities the pebbles, which gen- 
erally lie with their flat sides roughly parallel 
with the bedding planes, are in contact and the 
proportion of arkosic matrix is correspond- 
ingly small; in other places the matrix pre- 
dominates. As a rule in the Kay quadrangle 
the pebbles ar^ seen to become larger and 
more abundant as the conglomerate is followed 
southward, although the gradation is probably 
not wholly regular. Thus at Barnes Peak the 
average diameter of the pebbles is 3 or 4 inches * 
and the thickness of the formation JO to 15 feet. 
In the vicinity of El Capitan Mountain pebbles 
6 inches in diameter are abundant; the average 
size is probably a little larger than at Barnes 
Peak, and the thickness of the formation is 
from 15 to 20 feet, but no rocks capable of 
supplying the pebbles are known in that direc- 
tion, although of course exposures of pre- 
Cambrian quartzitic rocks may have existed 
in Cambrian time south of the Ray area. 

At the north end of the Dripping Spring 
Range the conglomerate is rather variable. 
A small exposure about IJ miles north of 
Walnut Spring shows thin bands of pebbles 
associated with pinkish arkose and gray shale. 
The pebbles, which are chiefly white quartz and 
not very well rounded, rarely exceed 2 inches 
in diameter and none were Seen over 3 inches. 
About 2 miles northwest of Walnut Spring the 
whole formation is from 10 to 12 feet thick, 
but the arkosic matrix is much more abundant 
than the pebbles, which although not uni- 
formly distributed are as a rule most numerous 
near the base. The lower part of tlie bed thus 
presents in some places the aspect of the typical 
Barnes conglomerate, whereas tlie upi)cr part is 

1 U. S. Gcol. Survey Prof. Paper 12, p. HI, IWXi. 



distinguishable from the overlying quan 
only by containing few small and scatt 
pebbles. 

Northeast of Tam o' Shanter Peak, on 
other hand, the conglomerate is about 40 
thick and consists chiefly of very smi 
roimded pebbles which are generally in coe 
with one another, there being just en( 
matrix to fill the interstices. Some pet 
are as much as 10 inches in diameter, but i 
are under 6 inches. In the Tortilla Ra 
south of Kelvin, the conglomerate is a1 
55 feet thick and carries abimdant character 
pebbles as much as 8 inches in diameter. 

The arkosic matrix of the conglomeral 
generally similar to the material of thQ c 
lying Dripping Spring quartzite, althc 
perhaps a little coarser. It varies in h 
ness, but as a rule all constituents of 
conglomerate are cemented by silica inl 
hard and durable rock in which fract 
traverse pebbles and matrix alike. A 
characteristic feature of the Barnes cong 
erate throughout the region described is 
presence in the matrix of small fragment 
vermilion-red chert or jasper an inch o 
in maximum diameter. Tlie only rocks kn 
that might have furnished these red fragm 
are certain hematitic jaspers associated ' 
schist in the northern part of the Maz£ 
Range, about 70 miles north-northwesi 
Ray. 

A view of the upper part of the Barnes 
glomerate as exposed on El Capitan Creel 
the northeastern part of the Ray quadrai 
is shown in Plate VIII, B, 

This conglomerate is very constant in c 
acter and has a wide distribution. It has 1 
identified in the Sierra Ancha, to the nc 
and in the Santa Catalina Range, to the so 
two localities about 80 miles apart. 

DBIPPINO SPRING QUABTZITE. 

The Dripping Spring quartzite lies 
formably above the Barnes conglomerate 
under tlie Mescal limestone.^ Approxima 
tlie lower third of the formation consist 
hard fine-grained arkosic quartzites whicl 
seen in natural sections, show no very defi 
division into distinct beds but exliibit a 
nounced striping, due to tlio altematioi 

'This, ius explained on page 39, is a redefinition of Dripping : 
quartzite us the uarao was originally used in the (UgIm? quadranpl 
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d and dark-gray or nearly black bands 
J with the planes of stratification, 
bands as a rule are less than 1 foot wide 
s'o a generally thin-bedded aspect to this 
1 of the formation, as may be seen from 
IX, -4, although the illustration fails to 
he contrasting tints of the bands. About 
y between the top and bottom of the 
ion the striped beds are succeeded by 
nassive beds, as much as 6 feet thick, of 
rained buff or pinkish quartzite asso- 
with flaggy variegated red, brown, and 
►eds and with some layers of gray and 
1 shales suggestive of the Pioneer shale. 
I upper part of the formation, the beds 
e tliin, flaggy, and rusty and show a 
icy to grade into the Mescal limestone. 
Dripping Spring quartzite was deposited 
How water, and the sai^d was at times 
id to the air, as may be seen from the 
marks, sun cracks, and fossil worm casts 

on the surface of the beds. It is, how- 
omposed throughout of fine material and 
tis no pebbles so far as known. This 
3 and the banding of its lower beds serve 
:inguish this quartzite from the pebbly 
)0(lded Troy quartzite, described on 
44-45. 

»ro almost vertically upturned in the 
a Kange the Dripping Spring quartzite 
•arently about 500 foot thick, but the 
CO of intrusive diabase detracts a little 
the reliability of this measurement, as 
lorits during the intrusion may have 
^orl the apparent thickness. Southwest 
moor Mountain, where apparently the 

of the quartzite is exposed without 
if)le faulting, the thickness, obtained by 
it ion from the width of the outcrop as 
'(], the average dip of the beds, and the 
1 angle of topographic slope, is between 
1(1 500 feet. At Barnes Peak, in the 
quadrangle, the thickness was estimated 
) feet.^ The average thickness for the 
uadrangle is taken at 450 foot, which is 
)ly under rather than above the truth. 
>rniation in most localities in the Rav- 

ro^^ion is closely associated with intru- 
lassos of diabase, usually in the form of 
. Some of the characteristics of the 
:ito are pr(>l)a})ly duo to the efToct of the 
(» intrusions. 
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MESCAL UXBSTONX. 

The Mescal limestone was first recognized as 
a distinct formation in the course of mapping 
the Ray quadrangle. It is named from the 
Mescal Mountains, where it is well exposed. 
Stratigraphically it is limited below by the 
Dripping Spring quartzite and above by -the 
Troy quartzite. Some fragmente of this for- 
mation, most of them intimately associated 
with intrusive diabase, occur in the Globe 
quadrangle, but when the report on that area 
was prepared these masses of strata were sup- 
posed to be somewhat metamorphosed por- 
tions of the thin Devonian beds in the lower 
part of the ''Globe limestone." 

In the Ray quadrangle also the Mescal lime- 
stone and the diabase are closely associated. 
Lying between the two heavy quartzitic for- 
mations, the thin-bedded dolomitic limestone 
proved an easy path for the invading diabase 
magma and retains little of its former con- 
tinuity. In the development of the topography 
the diabase tends to wear down into swales 
and hollow's, and an extended vic)w over one of 
these depressions shows the generally olive- 
tinted surface characteristic of diabase areas 
varied by blotohes of white. (See PL IX, B.) 
These light patches represent included blocks 
of the Mescal limestone, some of which are 
nearly a quarter of a square mile in area. 
Other portions of the formation rest in their 
original position on the Dripping Spring quartz- 
ite, with the diabase in igneous contact above 
them. Still others crop out along the bases of 
cliffs formed by the Troy quartzite and have 
the intruded diabase below them. Rarely the 
limestone lies unbroken between the two 
quartzitos. 

The Mescal limestone is composed of thin 
beds that have a varied range of color but are 
porsistently chorty. The siliceous segrega- 
tions as a rule form irregular layers paraUel 
with the bedding pianos, and on weathered 
surfaces those layers stand out in relief and 
give to the limestone the rough, gnarled band- 
ing that is its most characteristic feature. 
Tlie usual appearance of the Mescal on out- 
cropping odgos is shown in Plate X, A. Tho 
' gonoral luio of tho formation is gray or white, 
I but sonio hods are yellow, buff, brown, or 
I rusty. In some localiti(^s the rough, gnarled 
strata are accom])ani(>d by others in which arc 
thin, ro<T:ular buff and gray layers whose differ- 



!. OBCM-OOICAL eUBTET PROTEflBinNAI. PAPER HE 



A. BANDED DRIPPING SPRING QUARTZTTE, 1 MILE SOUTH OF PIONEER. IN THE MESCAL RANG 
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ences in chemical composition in conjunction 
with the dissolving action of atmospheric 
water give rise to such natural ornamentation 
as is illustrated in Plate XL 

Between the limestone and the overlying 
quartzite is a layer of decomposed vesicular 
basalt whose maximum observed thickness is 
from 75 to 100 feet. Although the basalt is 
in places much thinner than this, the flow was 
apparently coextensive with the Mescal lime- 
stone throughout the Ray and Globe quad- 
rangles, over an area of at least 500 miles. 
Where the basalt is in contact with the later 
intrusive diabase it is difficult to distinguish 
between the two rocks in the absence of good 
exposures, and in the earlier work in the Globe 
quadrangle the altered vesicular basalt was 
supposed to be merely a contact modification 
of the diabase. 

A section of the Mescal limestone with the 
overlying basalt flow as exposed on the east 
side of El Capitan Canyon is as follows: 

SecHon of the Mescal liTnestone t7i El Capitan Canycn. 

[Thicknesses approximate.] 

Base of Troy quartzite. Feet. 

Vesicular basalt 75 

4. Striped buff and gray dolomitic limestone, 
weathering in sharp channels and ridges, as 

illustrated in Plate XI 15 

3. Very rough chcrty dolomitic limestone with no 
distinct division into beds; weathers with 

gnarly dark rusty-brown surface "JO 

2. Gnarled, knotty- cherty limestone, mostly dolo- 
mitic, in beds as much as 2 foot thick; some 
beds light gray and some dark brown; shaly 

partings 125 

1. Thin impure shaly limestone with |K>rhai)s some 
dolomite; splits into thin loavi»s; mostly light 

gray 50 

Top of Dripping Spring quartzite. 

295 

A partial chemical analysis of a sample from 
division 2 of the foregoing section is as follows: 

Partial chcmU'al analuttU nf Mtsail limestone, 
[R. G. Wells, arwlyst.] 

SiOj 29. 9:J 

AljOj 42 

CaO 21.90 

MgO 14.90 

This rock weathers brown but is noarlv 
white on fresli fracture. The molecular ratio 
of lime and magnesia is nearly that of dolomite, 



but as the beds are not all of the same charac- 
ter the foregoing analysis does not represent 
accurately the composition of the whole for- 
mation. 

In the narrow gorge just west of Hackberry 
Spring, in the southwestern part of the Ray 
quadrangle, the Mescal limestone stands almost 
vertical and has a thickness of 225 feet. In 
the section just given the total thickness is 
recorded as 220 feet, exclusive of the vesicular 
basalt. This, however, is an estimate based 
on barometric readings corrected for a dip of 
about 25°. The average thickness of the 
formation as mapped in the Ray quadrangle 
and including the basalt flow may be taken 
as about 250 feet. 

The Mescal limestone has been recognized 
in the Siernt Ancha and in the Santa Catalina 
Range. It is in part lithologically identical 
with and is probably the stratigr^phic equiv- 
alent of the Abrigo limestone of Bisbee and 
Tombstone, which contains Middle Cambrian 
fossils. This correlation, however, is not re- 
garded as sufficiently well established to justify 
definite application of the name Abrigo in the 
Rav area. 

BASALT. 

Throughout the Ray-Globe region where the 
Mescal limestone and Troy quartzite are ex- 
posed in their original relative positions the 
two formations are separated by a layer of 
dark decomposed or altered vesicular rock of 
varying thickness, at most about 100 feet. 
This is an ancient basaltic flow. 

The rock in weathered exposure is generally 
dark rusty brow^n to nearly black and contains 
abundant small vesicles which, as a rule, are 
flattened parallel w4th the top and bottom of 
the flow. Proshlv broken material is dark 
reddish brown and shows that the vesicles are 
for the most part filled with epidote and calcite. 
At one locality on Pioneer Creek, about 2 miles 
south of Pioneer, the basalt has been partly 
altered to epidote, garnet, and spocularite, 
apparently through the metamorphic action 
of a diorite porphyry dike. 

Under the microscope the basalt is seen to 
retain much of its primary' texture, but the 
original minerals have been almost entirely 
altered to aggregates of calcite, epidote, quartz, 
serpentine, and iron oxide. It was probably 
a rather coarselv crvstalliuo olivinic basalt. 
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TBOT QTTABTZirX. 

The Troy quartzite lies conformably above 
the Mescal limestone and below the Martin 
limestone. Before the detailed mapping of 
the Hay quadrangle this quartzite had not 
been recognized as a formation distinct from 
the lower or Dripping Spring quartzite, for in 
the Globe quadrangle there are no sections 
that show the two quartzites separated by the 
intervening Mescal limestone, and such brief 
papers on the geology of the Ray quadrangle 
as have appeared since the Globe report was 
published have dealt only with the inunediate 
surroundings of the copper deposits at Ray, 
where the stratigraphic relations of the sedi- 
mentary rocks are less clearly displayed than 
elswehere in the quadrangle. The name of the 
formation is derived from Troy Mountain, in 
the Dripping Spring Range. 

The Troy quartzite is one of the most 
prominent and widely exposed formations in 
the region, especially in the Ray quadrangle, 
where it forms the bold crest of El Capitan, in 
the Mescal Range, and the summits of Scott 
and Troy mountains, in the Dripping Spring 
Range. The bedia differ greatly in thickness, 
ranging from thin flaggy or shaly layers to 
cross-bedded pebbly beds from 25 to 60 feet 
thick. On the whole the thicker beds are 
characteristic of the lower and middle parts 
of the formation. The upper part is invariably 
composed of thin, generally yellowish or rusty 
worm-marked shaly quartzite, indicative of a 
change in sedimentation that preceded the 
deposition of the Devonian limestone. The 
most characteristic material of these upper 
beds consists of layers of fine-grained unevenly 
colored brown, pink, and green quartzite, an 
inch or two thick, separated by films of olive- 
gray shale whose cleavage surfaces are ridged 
and knotted with numerous worm casts. The 
quartzite layers appear almost dolomitic in 
color and texture, but the microscope shows 
them to consist chiefly of closely fitting quartz 
grains with specks of flocculent limonite and 
little nests of a green chlorite mica. The most 
noteworthy features of the thicker beds are their 
generally pebbly character, which is a useful 
means of distinguishing isolated exposures of 
the Troy quartzite from the pebble-free Drip- 
ping Spring quartzite, and their conspicuous 
cross-bedding. Both of these characteristics 
are illustrated in Plate XII, A. The Dripping 



Spring quartzite is nearly all arkosic, but the 
Troy quartzite shows little or no feldspar. 

A section of the Troy quartzite as exposed in 
nearly horizontal attitude 1^ miles southeast of 
Tam o' Shanter Peak, in the Dripping Spring 
Range, though not quite complete, is as follows: 

Section of Troy quartzite in Dripping Spring Range. 

[Thickiiflsns apprazlmate.) 

Yellowiah, rusty thin-bedded quartzites with 
olive-gray shale partings rou^^ened by womi 
casts 

Fine-grained quartzite with very r^;ular lamina- 
tions from 2 to 6 inches thick 

Rather thin beds of white fine-pebble quartzite 

A single bed of massive, cross-bedded fine-pebble, 
white quartzite, with layers of small quartz peb- 
bles every few feet ; forms a cliff 

Sheet of porphyry, 25 feet. Partly concealed, appar- 
ently rather thin-bedded gray pebbly quartzite. . 

Two beds of cross-bedded coarse quartzite or grit 
with scattered pebbles of white quartz 6 inches 
or less in diameter; forms a scarp 

Conspicuously cross-bedded gray quartzite with 
many layers of small quartz pebbles; no distinct 
separation into beds, but obscure laminations 
average about 1 foot thick; forms a stepped slope; 
microscope shows t>T)ical quartzite texture with 
enlarged interlocking quartz grains 

Conglomerate with fairly well-rounded pebbles, 
mostly of white quartz, as much as 4 inches in 
diameter, in an abundant cross-bedded matrix 
of coarse quartzite 

Soil-covered slope apparently underlain by a yellow- 
ish shale or fine-grained quartzite 

Cross-bedded pebbly quartzite in beds 4 to 10 feet 
thick; pebbles quartz, rarely over 2 inches in di- 
ameter, in places scattered and in places concen- 
trated in irregular lenticular layers; weathers gray 
or rusty; forms a stepped slope 

Bed of irregularly banded gray quartzitic breccia 
grading up into cross-bedded coarse grit or con- 
glomerate with quartz pebbles; breccia in lower 
part of bed contains angular fragments of white 
quartz, the largest 6 inches in diameter; forms a 
cliff 

Vesicular basalt at top of Mescal dolomite. 
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Although much of the Troy quartzite is light 
gray or white on fresh fracture the weathered 
exi)osures are generally buflF, brown, rusty, or 
maroon. In the canyon northwest of Tam 
o' Shanter Peak, where the quartzite is finely 
exposed, the general tint is reddish brown, but 
the different parts of the formation vary in 
color from white or pale buff to dull dark red. 

Determination of the exact thickness of the 
Troy quartzite is difficult, owing to the fact 
that few of the many faidt blocks show a full 
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section of the formation or give opportunity 
for detailed measurements. The section re- 
corded on page 44 gives a total thickness of 
about 362^ feet but probably does not include 
qtdte all the upper beds. In the gorge west 
of Hackberry Spring a measurement across 
the edges of the nearly vertical beds gave 300 
feet, but here also there are beds missing from 
the top of the formation. A little less than 2 
miles northwest of Tam o' Shanter Peak the 
formation, here nearly horizontal, is exposed in 
full section between the Mescal dolomite and 
the Devonian limestone. The mapping indi- 
cates a thickness at this place of a little more 
than 360 feet. On Troy and Scott mountains 
the quartzite as mapped appears to be unduly 
Hnid£, the distribution on Scott Moimtain 
calling for a thickness of about 1,000 feet. 
This is clearly in excess of any possible real 
increase in the formation and probably is to be 
accounted for by faulting or flexing that is not 
distinctly shown at the surface. FrOm all avail- 
able information the average thickness of the 
formation is estimated to be about 400 feet. 
In the Ray and Globe quadrangles the name 
quartzite is generally applicable to this forma- 
tion, but farther north, near Roosevelt and 
in the Sierra Ancha, the rock is essentially a 
sandstone. 

A rather striking efTcct of weathering in the 
Troy quartzite is shown in Plate XIV, A. 
The coloring matter of the concentric rings is 
iron oxide, and the pattern was apparently 
pro<luced by rhythmic alternations of solution 
and precipitation of the iron along joints in 
the quartzite. 

MABTIN LIMESTONE. 

The Martin hmestono occupies conformably 
the stratigrapliic interval between the underlying 
quartzdte and the overlying Tornado hmestone, 
and with the possible exception of some of its 
unfossiliferous lower beds is of Devonian age. 
The name was originally applied to the Devo- 
nian limestone of the Bisbeo district/ with 
which the formation here described is corre- 
lated. The beds now separated as the Martin 
limestone were in the Globe report and folio 
mapped with the overlying Carboniferous 
under the name ** Globe limestone." 

As a whole the Martin hmestone is com- 
paratively thin-bedded and weathers into 

1 RaosotxiOf F. h., Geology and ore df^posits of tho HIslioo qiiadrunt^lo, 
Aril.: U. S. Geol. Survey Prof. Taper 21, p. 33, IWJ. 



slopes, broken here and there by a Iot^ 
that marks the outcrop of some bed 
harder or thicker than the rest. 

Typical natural sections of the for: 
are reproduced in Plates VIII, A, and ] 
Distant views of such slopes show that t 
mation is divisible on the basis of color in 
nearly equal parts. The prevaiUng 1 
the lower division is Ught yellowish grt 
upper division, which is less tmiform i 
displays alternations of deeper yello^ 
darker gray. Detailed examination 
the lower division to consist mainly c 
compact, hard gray hmestone in beds 
more than 2 feet thick and, at the base, 
of impure yellow hmestone containing 
dant grains of quartz. This lowesi 
which in places is cross-bedded and c( 
so much detrital material that it mi; 
classed as a calcareous grit, weathers to i 
sandy surface, but the overlying gra; 
are characterized by solution surface! 
although uneven in general are smo 
detail. A characteristic feature of thes 
pact lower hmestones is the presence o 
spherical, oval, or irregular concreti* 
dark^chert, which as a rule are about i 
of peas. No identifiable fossils have 
found in this lower division of the Marti 
stone, although it contains traces of ( 
hfo. 

About midwav in the section is a bed 
15 feet thick of rusty-yellow impure 
limestone with flaggy lamination. Abo 
are dark-gray and yellowish limestones i 
of different thicknesses, -with shaly pa 
These strata are generally fossiliferous, s 
the shaly partings particularly being ci 
with Atrypa reticularis and otlier small 
nian bracliiopods. Some very dark b 
this upper division of the formatic 
marked with an obscure motthng, sug; 
of the former presence of some of the 
which are abundant in certain beds 
Martin hmestone at Bisbee, but which 
Kay-Globe region hav^e been less pc 
])rcserved. The top bed of the Dcvonik 
3-ellow calcareous shale that breaks 
exposure into minute thin flakes and 
quently has no prominent outcrops 
yellow color is characteristic of all i 
exposures, although before weatherin 
shale is gray. Being overlain b\' the n 
chff-making Carboniferous limestone, tl 
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of shale is in many places concealed by talus, 
and its thickness was not exactly determined. 
It may be from 15 to 20 feet thick, but its base 
is not very clearly defined, for layers of similar 
shale occur between some of the limestone beds . 
in the upper part of the formation. 

The Devonian limestone is generally magne- 
sian and does not effervesce freely in cold dilute 
acid. A partial chemical analysis of a typical 
specimen from the lower division of the forma- 
tion is as follows: 

Partial chemical analyM of Martin limutone, 

[R. C. Well^, analyst.] 
SiOa 8.11 

AljO, 33 

^"^^'l L22 

CaO 31.65 

MgO 18.65 

Measurements and estimates of the thickness 
of the Martin limestone in different parts of the 
region range from 300 to 350 feet. The average 
thickness is considered to be 325 feet. 

In contrast with the older formations, which 
have yielded no determinable organic remains, 
the Martin l^nestone contains fossils at many 
horizons in the upper division, from the top 
of the rusty bed at its base to the lower 
layers of the yellow shale. In all 18 lots of 
fossils were collected and were referred to 
E. M. Eaiidle, then of the United States 
Geol()<;ical Survey, who lists the following 
species: 

Zaphrentis ep. undet. 
Productella hallana. 
Stropheodonta arcuata. 
Stropheodonta demLtsa. 
Stropheodonta varistriata. 
Stropheodonta sp. 
Leptoetrophia cf . L. interstrialis. 
Strophonella of. S. ampla. 
Schuchertella chemimgeDids. 
Schizophoria ntriatula. 
Atn-pa reticularifl. 
Atrj'pa hystrix occidentalis. 
Atrypa spiuosa. 
Camarotoechia 8p. 
Pugnax pugnus. 
Spirifer orestea. 
Spirifer huugerfordi. 
C\Ttia cvTtinifonnis. 
Schizodus ep. 
Parac yclas of. P. elliptica. 
Euomphalus cyclostomus? 
Euomphalus tip. 
Bellerophon yp. undct. 

Dr. Kindle remarks with reference to this 
f amia : 



On the ground of its close relationship to an Upper 
Devonian fauna of Iowa and its stn^tigraphic relations to the 
Carboniferous fauna of the Arizona section^ I would place 
the ftiuna of the Martin limestone and its equivalent, the 
Devonian &una of the Ray quadrangle, in the Upper 
Devonian. It is of course possible that the time range of 
this fauna in Arizona may include Middle as well as 
Upper Devonian, but that it includes the Upper Devonian 
in any event seems well established by the available 
evidence. 

As the Devonian portion of the ''jQlobe 
limestone" in the Globe quadrangle is con- 
tinuous and identical with what is now dis- 
tinguished as the Martin limestone, fossils 
collected from it should be included in the 
Martin f aima. For convenience, therefore, the 
list of determinations made by H. S. Williams ^ 
on the older collections, with slight changes by 
Dr. Kindle to bring it into accord with present 
nomenclature, is given below: 

Cf . sponge. 

Cf . Rhodocrinus, ciinoid stems and plates. 

Atrypa reticularis linn^. 

Productella hallana Walcott. 

Stropheodonta calvini MiUer. 

Cyrtia cyrtiniformis (Hall and Whitfield). 

Spirifer hungerfordi Hall. 

Spirifer orestes Hall and Whitfield. 

Spirifer whitneyi Hall. 

Reticularia fimbriata (Conrad). 

Cyrtina hamiltonemds Hall. 

Martinia subumbona (Hall);;, cf. Spirifer infima 

\\'hidborne. 
Pugnax pugTiUH (Martin). 
Schuchertella chemungenjiid (Conrad) var. 
Dielafima cf. I), calvini (Hall and WTiitfield). 

Devonian rocks, presumably the Martin 
limestone, have been found by C. F. Tolman, 
jr.,^ in the Santa Catalina Range. The pres- 
ence of the Martin limestone in the Roosevelt 
section also has been fullv established bv the 
finding, in 1914, of sufficient fossils to confirm a 
lithologic and indecisive paleontologic identifi- 
cation made a vear earlier. A list of \he fossils 
from Roosevelt, as determineil by Edwin Kirk, 
is as follows: 

Spirifer whitneyi var. animasensifi (Girty). 

< 'amarotoechia contracta Hall? 

Camarotoechia sp. 

Schuchertella sp. 

Modiomorpha sp. 

Atrypa apinosa llaU. 

Schizophoria striatula var. australis Kindle. 

Cladopora sp. 

Mr. Kirk remarks that this fauna can be cor- 
related with that of the Martin limestone of 

» Ransomr, F. L., U. S. Geol. Survey l*rof. Taper 12, pp. 40-42, IWa. 
» rnpnbllshe<l manuscript of Tucson folio. 
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Bisbee and that of the lower or Devonian part 
of the Ouray limestone of Colorado. He states 
that there can be no doubt as to the Devonian 
age of the material. 

TOBNADO LIMESTONB. 

The Tornado limestone, named from Tornado 
Peak, in the southeastern part of the Ray 
quadrangle, where it is extensively exposed, 
overlies with apparent conformity the Martin 
limestone and is equivalent to the Carbonifer- 
ous portion of the '^ Globe limestone" as origi- 
nally mapped in the Globe quadrangle. Its 
local upper limit is a surface of erosion upon 
which in general rests the Quaternary Gila con- 
glomerate, although in the southeastern part of 
the Ray quadrangle there is an intervening an- 
desitic formation, probably of Mesozoic age. 

The Tornado Ihnestone is generally light 
lead-gray in color and is divisible with respect 
to thickness and character of bedding into at 
least three members. 

The basal division, directly overlying the 
Devonian, is about 75 feet thick and forms the 
lower part of the scarp that is so prevalent a 
feature of the Carboniferous outcrops in central 
and southern Arizona. Under the action of 
erosion this division behaves as a single massive 
bed, but in reality it is made up of alternating 
dark and light gray layers, a foot or two thick, 
which in cliff faces give it a banded appear- 
ance, as may be seen in Plate XII, B, This 
banded division, with a few transitional beds at 
its top, is succeede<l by a very massive member, 
fully 100 feet thick, within which, as exposed in 
cliff faces, there is as a rule little more than a 
suggestion of divisional bedding planes. This 
massive member, as may be seen from Plate 
XII, B, is of lighter and more uniform tint 
than the basal member. The two together con- 
stitute the principal cliff-forming part of the 
Carboniferous limestone. The third division 
consistis of beds generally thimier than those in 
the other two divisions but not separable from 
themi by any marked lithologic distinction. 

Thin layers of calcareous shale separate some 
of the beds, but these are a very subordinate 
part of the formation. 

The Tornado limestone consists essentially of 
calciiun carbonate and effervesces freely in 
dilute acid. A partial analysis of a typical 
sample is as follows: 



Partial chtmieal onalyM of Tornado Umesto 

[W. T. Schallcr, analyst.] 

SiO, L 

AlA 

CaO 54. 

MgO 

Although nearly all the Carboniferoi 
stone contains fossil remains, there c 
localities where full and satisfactory col 
can be made. The beds of the two low 
sions carry abundant fragments of 
stems and less nmnerous rugose coral 
long-winged spirifers and RJiipidomeUa. 
appear in silicified form on weathered e 
of the rock, but they can not readily b 
rated from their matrix. In the upper < 
appear different species of Productt 
Spirifer, Derhya craaaa, Composita suhtiii 
FusuKiia. 

Of seven collections niade at as man} 
ent localities in the Ray quadrangle 
according to George H. Girty, of the Ge< 
Survey, consist of Mississippian fom 
three of Pennsylvanian forms. His 
minations of these fossils are as follows: 

Misnssippian fauna, 

Syringopora aculeata Girty? 

Menophyllum sp. 

AmplexuB? sp. 

Khipidomella aff . R. oweni Hall and Claris 

Rhipidomella dubia Hall? 

I^ptaena analoga Phillips. 

Schuchertella inflata White and WTiitfield j 

Ghonetee Bp. 

Avonia arcuata Hall? 

Camarotoechia metallica White. 

Dielasma burlingtonense AMiite. 

Spirifer centronatue Winchell. 

Brachythyrifl peculiaris Shumard. 

Spiriferina eolidiroetria White. 

Syringothyrifl sp. 

Compodta humilis Girty? 

Cliothyridina sp. 

Pennsylvanian fauna. 

FuBulinasp. 

Derbya crassa Meek and Hayden. 
Productufl semireticulatuB Martin. 
Productus cora D'Orbigny. 
PuBtula semipunctata Stevens. 
Spirifer cameratus Morton. 
Spirifer boonensis Swallow? 
Composita subtilita Hall. 
MyaUna subquadrata Shumard. 
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According to Mr. Girty the older of these two 
faunas is early Mississippian, and the other is 
early Pennsylvanian. He notes that the con- 
ditions exhibited in the Ray quadrangle are 
apparently similar to those at Bisbee, where a 
limestone of probable early Pennsylvanian age 
(the Naco) rests directly on a limestone of 
early Mississippian age (the Escabrosa). The 
Mississippian in the Ray quadrangle therefore 
corresponds to the Escabrosa limestone at 
Bisbee, and the Pennsylvanian limestone near 
Ray to the lower part of the Naco limestone. 

In the Bisbee quadrangle the distinction 
between the Mississippian and Pennsylvanian 
limestones proved practicable, although the 
plane of demarcation is not definite. In the 
Ray quadrangle a similar distinction might 
possibly be made) but no satisfactory basis for 
it appeared in the course of the field work, and 
it is doubtftd whether its accomplishment 
would be worth the additional labor involved 
The cliff-making lower members of the Tor- 
nado limestone are certainly Mississippian, and 
probably a considerable part of the upper 
member also belongs to that epoch. 

The original thickness of the Tornado lime- 
stone is unknown, for the formation was ex- 
tensively eroded before the eruption of the 
andesitic lavas and before the deposition of the 
Gila conf^lomerato. In the vicinity of Tornado 
Peak and along the oast flank of the Tortilla 
Range the limestone at present must be fully 
1 ,000 feet thick, and it may at one time greatly 
have exceeded tliis thickness. 

CONDITIONS OF DEPOSITION. 

The Tornado limestone and the Martin 
limestone, as shown by their fossils, are un- 
questionably marine. Ten or fifteen years 
ago most geologists would probably have had 
no hesitation in classing the sediments of the 
Apache group also as marine deposits, although 
no marine fossils have been found in them. 
They were so considered in the Globe profes- 
sional paper, written in 1902, and in the Globe 
folio, ])repared about the same time. Modern 
studies, however, particularly those of Bar- 
rell,^ have shown the necessity of taking into 



account continental and, especially, fluviatile 
deposition. 

I That the beds of the Apache group were 
laid down in water there can be no question. 
They have none of the characteristics of eolian 
deposits. The evidence as to marine or fluvi- 
atile deposition, however, is less conclusive. 
i The Scanlan conglomerate, with its pebbles 
i of local origin, appears to be most reasonably 
I accounted for as a basal marine conglomerate, 
although this interpretation has little definite 
evidence in its favor. The succeeding Pioneer 
shale gives no clear indication whether it is of 
marine, lacustrine, or fluviatile origin. It con- 
tains no fossil remains or mud cracks, so far 
as known. The most puzzling feature of the 
succeeding Barnes conglomerate is its relation 
to the Pioneer shale. A coarse conglomerate 
with well-rounded pebbles, indicative of vig- 
orous abrasion and powerful currents, rests on 
material that when the pebbles accumulated 
was presumably a sandy mud. The pebbles 
evidently could not have been shaped near 
their present resting place but must have 
come from a distance. The surface of contact 
between conglomerate and shale, m the very 
few places where it is well exposed, is imdula- 
tory, but the shale layers, instead of being 
cut by the uneven surface, conform to it, as 
if the conglomerate had been deposited gently 
on a soft, yielding foundation. 

A similar relation appears to hold between 
the conglomerate of the Eastern Rand, South 
Africa, and the underlying formation. E. T. 
Mellor ^ savs : 

One of the most remarkable features of the principal 
conglomerate bed of the Eastern Rand ia that it waa laid 
down over many hundreds of square miles directly upon 
a \i'ide sheet of muddy or very fine sandy material, which 
over the whole of that area formed the uppermost portion 
of a sequence of similar strata some hundreds of feet in 
thickness. That this abrupt change in the character of 
the seilimentation was probably brought about simulta- 
neoui^l V over the whole area is to some extent shown bv the 
considerations already alluded to. Among further indi- 
cations may be mentioned the fact that nowhere do we 
find exddence of that tyi)e of erosion of the underlying 
muddy dei)ositd which might be looked for with the grad- 
ual extension of pebbly deposits over them. On the 
other hand, we do find evidence of such erosion as might 
be expe<;ted to o<'cur with the rapid sweeping of the peb- 



» Barren. Josojih, Rolativo ;;eolo<^icul iraporfanco of nmtinontal, lit to- ^ s CoiKlitions of deposition of llie Witwalersrand system: Mining Map., 

ral. and marine sedimentation: Jour. (leolot^y, vol. 14. pi>. 310-3.'>«), 4'MU , vol. IH, pp. 2.V>-2r)2, 1'.Uo (from advance proofs ofan article on." The upper 

457, 524-5<W, IIW; Criteria for the n>cognilion of ancient delta dei)tisits: Witwatorsrand system" read before the Geological Society of South 

Oet)l.S(x^ America Bull., vol. 2:?. jip. 377-440, 1012. ! Africa^ " ' 
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bly deposits over a previously existing expanse of hard- 
enued silt. Thus in the Kleinfontein mine I recently 
found numerous examples of the inclusion of fragments 
olthe footwall in the overlying conglomerate, particularly 
its lower portion. One of these fragments was a foot in 
length and about 2 inches in thickness and of irregular 
tabular form, with angular edges. It appeared to be one 
of many pieces of partiy consolidated sediment which had 
been torn from the imderlying muddy material and imme- 
diately included in the pebbly mass which had swept 
over it. 

Other conglomerates in the Witwatersrand 
series, according to Mellor, show similar rela- 
tions to underlying shales. The evidence of 
erosion of the shale found hy him in South 
Africa is lacking, so far as known, in Arizona. 
Mellor's conclusion, that the Witwatersrand 
series is a delta deposit, accords with an earlier 
suggestion by De Launay.^ 

On the whole such meager evidence as is 
obtainable appears to indicate that the Barnes 
conglomerate represents stream action rather 
than shore (littoral) or marine action. 

The unf ossilif erous Dripping Spring quartzite 
contains some mud cracks in its thin upper 
beds, showing that these layers must have been 
exposed to the air during the period of deposi- 
tion. The formation is tentatively r^cuxled 
as of delta origin. 

The deposition of the impinge dolomitic Mes- 
cal limestone marks a change of conditions of 
sedimentation — apparently a subsidence of the 
land and an incursion of shallow marine waters. 
On the other hand, the overlying rusty vesicu- 
lar basalt appears to have been exposed to the 
air before it was covered by the sands that are 
now the Troy quartzite. 

The Troy quartzite with its abundant pebbly 
layers and conspicuous cross-bedding (see PL 
XII, A) is suggestive of fluviatile or deltaic 
deposition. The upper part of this formation 
shows gradation into the undoubtedly marine 
deposition of the Devonian Martin limestone, • 
al^ough the grit beds and gritty limestones in 
the Martin show that that formation was laid I 
down in shallower water than the overlying : 
Tornado limestone. I 

On the whole the evidence bearing on the 
mode of deposition of the pre-Devonian beds is I 
to some extent conflicting and is inconclusive. 
They are fluviatile or shoal-water marine de- ' 
posits^ but it does not appear possible at present I 
to determine definitely to which class they 

* De Laiinay, L., Les riche<!ses rain^rales del'Afrlque, p. 72, footnote, 
Paris, 1903. I 
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belongs or, if both classes are represent 
where the deposits of one class give place 
those of the other. 

COBBELATION. 

As has been shown in the preceding pag 
there is little difficulty in correlating the 1 
vonian and Carboniferous formations of i 
Ray-Miami r^ion with those of other parts 
Arizona. As regards the unf ossilif erous f orr 
tions embraced within the Apache group a 
provisionally assigned to the Cambrian. i 
problem is more perplexing. 

Inasmuch as in the Grand Canyon there i 
profound imconformity between the Algonk; 
sediments (Unkar and Chuar groups) and 1 
Cambrian beds of the Tonto group; and as 
the Globe region all the beds from Carbonif 
ous down to the Scanlan conglomerate i 
apparently conformable, the Apache group v 
in the Globe report and folio treated pro 
sionally as Cambrian. At the same time, 
was recognized that the Apache group h 
hthologically little in common with the Ca 
brian Tonto group of the Grand Canyon. 

In 1905 Wfllis T. Lee ^ briefly described a 
figured the section of beds exposed in t 
gorge of Salt River below the Roosevelt Da 
He quotes a statement from a letter to h 
from Dr. Charles D. Walcott to the effect tl: 
at this locality the Carboniferous limestoi 
rest directly and unconformably upon t 
quartzites and argillites of the Algonkian. ] 
mentions the fact that the same supposec 
Algonkian formations occur in the Siei 
Ancha. Two years earlier A. B. Reagan * al 
appears to have included in the Algonki 
most of the beds that make up the Siei 
Ancha, although he stated that the sandsto 
of the Tonto group overlies tliese beds unco 
formably on the crest of the range. 

Later reconnaissance work by me has sho\ 
conclusively that the Roosevelt section co 
tains the same formations that have be 
recognized in the Ray-Miami region. The be 
dip upstream and in ascending order are t 
Scanlan conglomerate, resting on granite, t 
Pioneer shale, the Barnes conglomerate, t 
Dripping Spring quartzite, the Mescal lin: 
stone (at the dam), and the Troy quartzii 

> Underground waters of Salt River valley, Arix.: V. S. Oeol. Sur 
Water-Supply I'aper 136, pp. 96-^7, 1905. 

•Oeolopy of the Fort Apache region, .Vrli.: Am. Oeologbt, vol. 
p. 277, 1903. 



50 



COPPER DEPOSITS OF HAY AND MIAMI, ABIZ. 



here perhaps more properly referred to as a 
sandstone. These formations constitute the 
Apache group. As usual, there is a thick sheet 
of diabase, which in this locahty has invaded 
the Pioneer shale. 

This reconnaissance has shown also that the 
Devonian (Martin limestone) is not missing at 
Roosevelt but is well represented by about 300 
feet of thin-bedded limestones, which as stated 
on page 46 contain a characteristic Devonian 
fauna. As in the Ray-Miami region, the entire 
Paleozoic sequence from the Scanlan conglom- 
erate to the Carboniferous limestone appears 
to be conformable. Certainly there is no un- 
conformity present that brings the Carbonif- 
erous Umestone against the Apache group. 

The same reconnaissance showed that, as 
Reagan and Lee have both stated, the Sierra 
Ancha, in its southern part, where they saw it, 
is composed chiefly of these same Apache 
rocks, with a sheet of diabase, probably at least 
1,000 feet thick, intruded in the Mescal lime- 
stone. No trace was found, however, of an 
unconformably overlying *'Tonto" (Tapeats) 
sandstone. As far north as Gun Creek, an east 
tributary of Tonto Creek, the sedimentary 
rocks of the Sierra Ancha can readily be inter- 
preted in terms of the Globe-Ray section and 
are recognizable as belonging to the Apache 
group. 

From the mouth of Gun Creek north to Pay- 
son and East Verde River the distance is only 
about 20 miles, but in this interval a striking 
change takes place in the character of the older 
Paleozoic rocks. Wliere the road from Payson 
to Pine crosses the East Verde, the following 
section was somewhat rouglily measured on the 
south bank of the river: 

Section on East Verde River. 

Top of bluff. Feet. 

Ilather thin-bedded, in part flaggy light-gray coni- 
pa('t limestone with some intercalated thin sand- 
stone beds near top 130 

Pinkish and gra>ish sandy limestone, grading up- 
ward into overl>dng limestone 50 

Hard compact gray limestone in beds 2 to 3 feet 
tliick 50 

Red shale with 2 to 3 feet of gray laininated quartzite 
near top 20 

Thill-bedded gray limef^toiie with some pink lime- 
stone near top and flaggy, somewhat sandy lime- 
stone in lower 25 or 30 feet 100 

Tliin-bedded reddish yaiidstone with one gray bed 
near top, overlain by a layer of shale which grades 
into limestone above 30 



Pebbly crofls-bedded red-brown Bandfltone, with 
some irregular horizontal lamination in cliff ex- 
poeureB but no distinct division into beds 



80 



460 



Moderately coarse crumbling red granite, probably 
Archean. 



The foregoing section is entirely different 
from the Paleozoic section of the Ray-Miami 
region, and although the section as a whole 
probably can not yet be fully correlated with 
the Grand Canyon section, the basal sandstone 
is without much doubt the Tapeats sandstone 
of the Tonto group. The southernmost point 
to which this sandstone has been traced is a 
ridge just south of Payson, where it rests on a 
gray dioritic rock belonging to the pre-Cam- 
brian complex. To the north, along the Mo- 
goUon escarpment, the beds just described pass 
imder other limestones, probably including the 
Redwall, and a thick series of red beds that are 
probably Supai, overlain by the Coconino 
sandstone. 

At Jerome, 65 miles northwest of Payson, the 
same basal sandstone, 75 to 80 feet thick, rests 
on pre^Cambrian schist. It is overlain by 
limestones which about 350 feet above the top 
of the sandstone carry Devonian fossils. A 
small collection made in 1912 was submitted 
to E. M. Kindle, then of this Survey, who fur- 
nished the following list: 

Aulopora sp. undet. 
Zaphrentis sp. undet. 
Camarotoechia sp. undet. 
Spirifer orestee. 
Cyrtia cjTtiniformis. 
Bellerophon maera. 

Dr. Kindle notes: ''These species represent 
an Upper Devonian faima of the same general 
facies as that previously collected by you at 
various points in ^\jizona. *' In other words, 
they represent the faima of the Martin lime- 
stone. 

In another publication ^ the correlation of 
the Paleozoic strata in Arizona has been con- 
sidered more at length. The facts here pre- 
sented, however, are probably sufficient to 
show that below the Devonian be<ls, which are 
fossiliferous and are readily identified from 
Bisbee to the Grand Canyon, there are in cen- 
tral Arizona two markedly dissimilar groups 
of strata. On the north is the Tonto group, 

1 Riinsomc, F. L., v^oino Paleozoic sections In Ariiona and their corre- 
lation: U. S. Geol. Survey Prof. Paper 98, pp. 133-166, 1916. 
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ooDsisting in the Grand Canyon, from the base 
up, of the Tapeats sandstone, the Bright Angel 
shale, and the Muav limestone. The Tapeats 
sandstone can be followed with a few inters 
mptions from the mouth of the Grand Canyon 
along the base of the cliffs bounding the Arizona 
Plateau on the southwest to the vicinity of 
Payson, in Tonto Basin. The Bright Angel 
shale and Muav limestone apparently do not 
maintain their characteristic features south of 
the Grand Canyon and have not been definitely 
recognized at Jerome or in Tonto Basin. 

South of Tonto Basin, from the northern 
portion of the Sierra Ancha at least as far 
south as the Santa Catalina Range, there are, 
in ascending order beneath the Devonian, the 
Scanlan conglomerate, the Pioneer shale, the 
Barnes conglomerate, the Dripping Spring 
quartzite, the Mescal limestone, and the Troy 
quartzite. For the sake of comparison Plate 
Xm shows, side by side, generalized typical 
sections of the Paleozoic rocks of the Grand 
Canyon and of the Globe-Ray region. 

POST-FALEOZOIC ROCKa 
GENXRAL CHARACTXB AND SEQX7XNCX. 

The post-Paleozoic rocks of the Globe-Ray 
region comprise both igneous and sedimentary 
kinds. The igneous rocks occur as intrusive 
sheets and irregular masses, as lava flows, and 
as accumulations of volcanic fragments. The 
sedimentary rocks comprise stony land de- 
tritus that has been only slightly moved from 
its place of origin, and coarse stream deposits 
that grade away from the moimtains into finer 
material and even into lake sediments; they 
are essentially fluvio-lacustrine deposits of 
oontinental as opposed to marine deposition. 

It is a common practice in geologic reports 
to describe all the sedimentary rocks separately 
from the igneous rocks. That practice has not 
been followed in the present work. It is 
thought that; in this field at least, greater 
deamess can be attained and descriptive mat- 
ter can be made more interesting to the reader 
by following a historical sequence, the rocks, 
of whatever kind, being described in the order 
of their appearance on the geologic scene. 
This plan has already been followed as regards 
the basalt overlying the Mescal limestone and 
will receive more conspicuous exemplification 
in what now follows. 



The first recorded addition to the rocks of th 
Ray-Globe region after the disposition of th 
Tornado limestcme in Carboniferous time ap 
pears to have been the quartz monzonite of Los 
Gulch, in the Globe quadrangle. This wa 
succeeded by intrusive olivine diabase. The; 
followed the accumtdation, in the southern pai 
of the area, of andesite brec<;ia and lava flow 
and the irruption of closely related dikes 
These igneous rocks are probably all of Mesc 
zoic age. Tertiary time was marked by th 
intrusion of (1) quartz diorite, in small irregu 
lar masses and a few dikes of considerable size 
(2) granite, quartz monzonite porphyry, an< 
granodiorite in masses, some of which, as th 
Schultze granite, are now exposed over area 
several miles in diameter; and (3) quartz die 
rite porphyry, in dikes, sills, and small intru 
sive masses. After some erosion, the coars 
detrital Whitetail formation was accumtdate* 
and then followed extensive outpourings o 
dacite. After much deformation and dtirin; 
consequent vigorous erosion the Gila conglom 
erate was laid down during early Quatemar 
time. There was at least one minor eruptioi 
of basalt during the ac<;umidation of the con 
glomerate, which was followed by erosion an< 
the deposition of yoimger sediments of no grea 
areal importance. All these rocks will now b 
described in chronologic order. 

LOST GTJLCH MONZONITE (QUARTZ MONZO 

NITE). 

OCCUBRENCE, DISTRIBUTION, AND AGE. 

The Lost Gulch monzonite forms a roughl; 
quadrangular area about 4 square miles ii 
extent, which occupies the greater part of th 
drainage basin of Lost Gulch north of Mian 
and stretches northeastward toward Pine 
Creek. The area of exposure, save where th 
rock is overlapped on the east by the Gila con 
glomerate, is bounded chiefly by f aidts, and th 
age relations of the mass are not entirely cleai 
On the basis of obsers^ations made in 1902 th 
monzonite is supposed to be cut ])y diabase an 
therefore to be older than that rock. The evi 
dence, however, shoidd be reexamined in th 
hght of later acquired knowledge of the intni 
sive rocks of Arizona and of the suggestion tha 
it may belong with petrographically relate 
rocks that are probably of Tertiary ag< 
Until this can be done, the Lost Gulch monzc 
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nite is provisionally r^arded as older than the 
diabase and of early Mesozoic age. In the 
Globe folio it was considered as probably of 
pre-Cambrian age, but its petrographic char- 
acter renders this earlier assignment doubtful. 

PETROGRAPHY.* 

The quartz monzonite is a fine-granular gray 
rock containing scattered crystals of potassium 
feldspar and smaller ones of plagioclase. 
Toward the eastern part of the area the rock 
becomes more finely crystalline and the gray 
medium-granular groundmass is made up of 
potassium feldspar, plagioclase, quartz, and 
biotite. Under the microscope quartz is ap- 
parently the most abimdant constituent, fol- 
lowed by oligoclase-andesine feldspar, micro- 
dine, and biotite. A chemical analysis of a 
fresh specimen from Lost Gulch, about 2 miles 
northwest of the Inspiration mill, is as follows: 

Analysis of quartz monzonite from Lost Gulch, 

[W. F. imiebrand, analyst, 19Q2.] 

SiOa 68.63 

AljOa 13. 68 



FCaOa 

FeO 

MgO 

CaO 

NaaO 

K^O 

HaO below 110° 
HjO above 110° (' 

TiOa 

ZrOa 



2.53 

1.81 

'. 1.10 

2.51 

2.94 

4. 04 

70 

87 

69 

01 

CO2 None. 

P3O5 24 

CI Not detennined. 

F Not determined. 

S M-OO) 

NiO None. 

MnO 15 

BaO 05 

SrO Trace. 

LigO Faint trace. 

FeSa 11 



100. OC 



In the norm system of classification and 
nomenclature the rock is toscanose. 

The mineral composition of the Lost Gulch 
monzonite as calculated from the chemical 
analysis, checked by microscopical examina- 
tion, is as follows: 



ApproxmaU mineral eomp^sUion of Lott QuUh monxofmU, 

Quartz :. 31.67 

Microcline and OTthoelaae 19. 79 

Ande8ine(Ab4An,);k^a. 35.74 

Biotite 8.33 

Magnetite 2.69 

Titanite L23 

Apatite 44 

Pyrite 11 

100.00 

It will be observed that although the rock is 
chemically a quartz monzonite, the grouping 
of the molecules is such as to give a high pro- 
portion of plagioclase for rocks of this class. 
It Ues almost on the line between granodiorite 
and quartz monzonite according to the dis- 
tinction made by Lindgren.* 

WILLOW SFBINa GBANITE. 
OCCURRENCi; AND DISTRIBUTION, 

The Willow Spring granite forms a small 
isolated mass lying just north of Webster 
Gulch and occupying an area of less than a 
square mile. It is intrusive into the Pinal 
schist, and; like the Lost Gulch monzonite, is 
bounded in part by faults. 

PETROGRAPHY. 

The Willow Spring granite is gray and is as 
a rule fine grained for a rock of granitic com- 
position, the average size of the grains being 
less than a miUimeter. A few phenocrysts of 
orthoclase or microchne, as much as 2 inches 
long, are scattered through this groimdmass, 
which is in places nearly aphanitic. 

The microscope reveals • a h^T^idiomorphic 
granular aggregate consisting of abundant 
quartz and microchne, wath oligoclase, mus- 
covite, and biotite. The exact nature of the 
ohgoclase is not readily determinable, owing to 
the general decomposition of this constituent 
into nearly cryptocrystaUine aggregates that 
apparently consist principally of kaolin. The 
accessory minerals are apatite, iron ore, and 
tourmahne, none of them abundant. The 
secondary minerals are kaolinite, epidote, and 
chlorite. 

AGE AND AFFILIATIONS. 

The age of the Willow Spring granite is even 
more uncertain than that of the Lost Gulch 



1 Condensed from U. S. (Jcol. Suney Prof. Paper 12, pp. 76-7h, 1903. I ' Lindtrren, Wtildemar, (rranodiorlte and other intermediate rocks: 
» Included with pyrito. , Am. Jour. Sci., 4th ser., vol. 9. pp. 277-281, 1900. 
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monzonite. All that can be said is that con- 
siderable doubt now attaches to its original 
assignment to the pre-Cambrian. No thorough 
field examination has been made of it since the 
work was done for the Globe folio. It is de- 
scribed in this place because it may have been 
irrupted at about the same time as the Lost 
Qulch monzonite. 

DIABASE . 
OCCUBBENCE AND DISTBIBUTION. 

The diabase of the Ray quadrangle is identi- 
cal in age, geologic relations, and general 
character with the rock in the Globe quad- 
rangle described some years ago imder that 
name, and many of the descriptive petro- 
graphic details here presented have been taken 
with slight modification from the Globe foho. 

The diabase is intrusive, and although it is 
highly probable, in view of the great disturb- 
ance which accompanied the intrusion, that 
at the time of irruption some of the magma 
reached the surface, there are now in the re- 
gion no effusive or pyroclastic rocks referable 
to this period of igneous activity. The magma 
forced its way between the sedimentary strata 
as sills, but these are not persistent sheets of 
uniform thickness; the magma broke across 
the bedding at so many places and followed so 
many different planes of stratification that 
the resulting structure, in spite of the fact that 
the blocks of strata retain a common strike and 
dip, is highly irregular, and great masses of 
the sediments are now surrounded by and im- 
meshed in the intrusive rock. The intruded 
sheets range from a few inches to many hun- 
dreds of feet in thickness, and the sizes of the 
included blocks of strata are equally diverse. 
The main zone of intrusion in the Globe-Ray 
region was along the Mescal limestone, but 
the diabase is not confined to that horizon. 

The relations of the diabase to the sedimen- 
tary rocks are remarkably well displayed in the 
northeastern part of the Ray quadrangle, in the 
Mescal Range, where blocks of quartzite and 
more or less altered limestone, all dipping 
about 20° SW., are dispersed through the dia- 
base, which in this part of the area has in- 
vaded all the rocks older than the Devonian. 
(See Pis. II, III, A, and IX, B.) One sill, 
roughly parallel with the bedding of the 
sediments, traverses the Madera diorite north 
of Pioneer Mountain and Old Baldy. 



Into the beds now forming the Dripp 
Spring Range the diabase was intruded in 
same manner as in the Mescal Moimtains, 1 
faulting has here introduced much grea 
structural complexity. In the Drippmg Spr 
Range also the principal zone of intrusion ^ 
the Mescal.limestone, but in a few places, as 
Steamboat Mountain, small bodies or dikes 
the diabase cut the Martin and Tornado lir 
stones. 

In the Tortilla Mountains the diabase c 
all rocks up to and including the Tornado lii 
stone. Some of the intrusions in the granite ; 
curiously irregular, as may be seen in the 
cinity of Kelvin. (See PI. II.) Although 
some parts of the area diabase to the thickn 
of several hundred feet has been injected at i 
horizon of the Mescal limestone, the same lir 
stone where uptiuned in the gorge west 
Hackberry Spring has been only slightly 
vaded by the igneous rock in the form of tl 
sills and small dikes. One of these sheets, n 
nearly vertical, is shown in Plate X, B. 
may be seen from the illustration, the shi 
does not extend quite to the bottom of l 
gorge but connects with a narrow crossc 
ting dike. 

In many places the diabase of the intruc 
sheets is divided by close joints parallel w 
the stratification of the sediments above a 
below. The effect is that the diabase, wl 
viewed at a distance, resembles a bedded ro' 
as may be seen in the gorge of Pioneer Cre 

Diabase of the same kind as that in 1 
Globe-Ray region and undoubtedly belong] 
to the same period of intrusion is abundant 
the north, in the vicinity of Roosevelt a 
hi the Sierra Ancha. Near Roosevelt the d 
base forms a thick sill in the Pioneer shale, 
the Sierra Ancha a sheet fully 1,000 feet th 
has invaded the Mescal hmestone. Diabj 
also correlated A\ith that of the Globe-R 
region occurs in the Santa Catahna Ran 
northeast of Tucson. 

PETROGRAPHY. 

When fresh, the diabase t\T)ical of all 1 
larger areas in the region is a tough, hea 
dark-gray holocrystalUne rock of medium gr 
as a whole but grading here and there into fii 
grained (aphanitic) varieties or into coars 
exceedingly tough facios with large tabu 
plagioclase crystals and abundant magneti 
Some of the finer-grained varieties are yoimj 
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thaa the mass of the diabase, which they cut as 
dikes. The minerals readily visible to the im- 
aided eye are plagioelase, augite, and magnet- 
ite. The angite is particularly noticeable on 
many natural surfaces of the rock, as it forms 
brilUantly flashing spots, some of which are 2 
centimeters in breadth. Close examination 
of these reflecting cleavage surfaces show that 
the augite is crowded with inclusions of the 
other minerals composing the diabase, giving 
what the petrographer calls poikiUtic texture. 
The weathered rock is greenish, and the dia^ 
base masses can ordinarily be distinguished 
from a distance by the very characteristic dark 
olive hue of their bare slopes. Hard residual 
boulders or pebbles of various sizes, with cu- 
riously nodular surfaces, are extremely charac- 
teristic of the disint^ration of the typical dia- 
base. The rock crumbles to a greenish sandy 
soil (saproUte) . Embedded within this materiid 
are residual kernels of soimd rock, ranging in 
diameter from that of a pea up to a foot or more. 
The larger masses have the characteristic 
lumpy or warty surfaces, and with the further 
progress of disintegration these lumps separate 
as small nodules. Close examination of these 
little bodies shows that their form and resist- 
ance to disintegration are dependent on the 
presence of roxmded poikUitic crystals of au- 
gito. 'the various steps in this process of dis- 
integration are cleariy displayed along the 
Globe-Kelvin stage road where it crosses the 
main <liabase belt south of Pioneer station (see 
PI. XIV), and an excellent opportimity for 
study of the rock in fresher condition is afforded 
by the narrow gorge of Pioneer Creek, south of 
the road, and by the road from Troy down to 
the mouth of the Pratt tunnel, southwest of 
Troy. In addition to the excrescences with 
which exposed surfaces of the diabase are 
usually studded there are in some localities 
well-marked projecting ribs or ridges an inch 
or two in height. These are due to the dovol- 
opmont of secondary honiblonde along minute 
fissures in the rock and the resistance of this 
mineral to woatlieriug. 

Thin sections of the typical diabase examinoil 
\mder the microscope show a fresh ophitic ag- 
gregate of calcic labradorite or bytownito, 
faintly bnmniish augiti\ olivino, and a little 
biotitc, magnetite., apatite, and titauito. In 
many places the diabase is so fresh that the 
olivino, which oucui-s in the usual rounded 



forms more or less inclosed in the augite, shows 
scarcely a trace of aerpentinization. The 
augite is broadly poikilitic, the apparently 
isolated angular areas between the subhedral 
crystals of plagioclase showing optical conti- 
nuity over large areas of the microscopic slides. 
The angle cAc is approximately 45^. 

A chemical analysis of a fresh typical speci- 
men from a hilltop 1 mile northwest of Black 
Peak, in the Globe quadrangle, is given below: 

Chemical analysis of diabase.^ 

[E.T. Alton, Mulyat.] 

SiO, 40.00 

AljO, 16.87 

Fefit 2.09 

FeO 8.50 

MgO 6.70 

CaO 10.21 

NaaO 2.67 

K,0 66 

HjO below 110** C 72 

H3O abeve 110** C LOO 

TiOa 1.11 

ZrO, 02 

COj None. 

P,0, 13 

SO, None. 

a 05 

F Undetermined. • 

8 None. 

CStjOj 02 

NiO None. 

MnO 10 

BaO Trace. 

Li|0 Undetermined. 

SrO None. 

VjOj Trace. 



99.75 



Without knowledge of the exact composition 
of the augite, it is impossible to make from the 
chemical analyses an accurate calculation of the 
quantitative mineral composition of the rock. 
Rough calculation, however, checked by optical 
estimation in thin sections, indicates about 55 
per cent of bytowTiite, 30 per cent of augite, 10 
per cent of olivine, and 5 per cent of biotite, mag- 
netite, titanite, and apatite. The rock may be? 
considered a typical olivine diabase and in the^ 
norm quantitative system of classification i^ 
auvergnose. 

In the Globe report ^ attention was called to 
the occurrence here and there within the diabaso 
of the larger areas of rather coarsely crystalline 

» r. S. Gcol. Survey Trof. Paper 12, p. 84, 1903. 
« Idem, p. >v5. 
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reddish rock having the general composition of 
a hornblende syenite. At a few places in the 
Ray quadrangle the diabase shows similar 
differentiation f acies. Thus in the crest of a 
ridge 1.6 miles northwest of the summit of 
Scott Moimtain the diabase grades into an ex- 
ceedingly tough fine-grained rock of which the 
obvious minerals are dull-green hornblende and 
pink feldspar. The microscope shows that the 
essential constituents are hornblende, quartz, 
and orthoclase, micropegmatitically intergrown, 
and decomposed plagioclase. A part of the 
hornblende appears to have been derived from 
pyroxene by uralitization, but none of the 
original mineral remains. This rock, which is 
apparently nothing more than a local f acies of 
the normal diabase, may be called a ''basic" or 
more accurately a mafic quartz monzonite. 

Although there is generally no difficulty in 
procuring specimens of fresh diabase from most 
of the larger areas, greenish uralitic varieties 
are common, even where ravines have cut 
deeply into the diabase and the rock exposed is 
firm and hard. Such f acies illustrate aU stages 
of alteration from those in which the augite is 
only partly altered to those in which the augite 
is completely changed to aggregates of green 
hornblende. 

The diabase occurring as dikes in the pre- 
Cambrian complex or in the Martin and Tor- 
nado limestones is as a rule more finely crystal- 
line than that of the larger sills and in places is 
nearly aphanitic. 

CONTACT MBTAMOBPHISM. 

In general the contact metamorphism ef- 
fected by the diabase is inconspicuous. In the 
vicinity of the large intrusions the quartzites, 
especially the Dripping Spring quartzite, are 
exceptionally hard and well indurated, and 
near the contact the Pioneer shale is in places 
baked and hardened. The Mescal limestone, 
which is in contact with the diabase at so many 
places, shows, as might be expected, more 
noticeable metamorphism than the shale and 
quartzite. Three-fourths of a mile southwest 
of Walnut Spring, in the northern part of the 
Ray quadrangle, the Mescal limestone near the 
diabase contains abundant tremolite. In the 
bed of Pioneer Creek, 1 J miles south of bench 
mark 4504 on the stage road near Pioneer, in 
the northeastern part of the Ray quadrangle, 
the limestone near the diabase contains nodular 



segregations of silicate minerals. These in 
elude a member of the olivine group having ai 
index of refraction higher than that of pur( 
forsterite, tremolite, and diopside, associatec 
with calcite and abundant serpentine, the lattei 
derived for the most part from the olivine. 

In connection with the discussion of the con 
tact metamorphism effected by the diabase 
attention may be called to a small body o 
peculiar granitic rock that is exposed on thi 
stage road nine-tenths of a mile south of bend 
mark 4504, near Pioneer, in the northeasteri 
part of the Ray quadrangle. The mass is abou 
200 yards long and is surrounded by diabase 
The rock composing it is strikingly variable ii 
color and texture. Some parts are fine granu 
lar, show conspicuous although rather vaguely 
defined pink and greenish-gray mottling, anc 
suggest in appearance and texture a metamor 
phoned quartzite. Other parts are greenisl 
gray and evidently contain considerable chlo 
rite. Such material is suggestive of an alterec 
quartz diorite. Still other varieties are mon 
granitic in appearance. One of these, a fine 
grained pink rock, evidently contains abun 
dant pink orthoclase with specks of green 
brown chlorite. This rock is miarolitic, am 
the cavities contain partly free crystals o; 
quartz and orthoclase. Another variety re 
sembling this, but finer grained, is traversed b^ 
cracks whose walls are lined with small crystal 
of orthoclase and quartz. 

The microscope confirms the impressioi 
gained in the field that the varieties are al 
parts of one rock mass. The feldspar is ii 
part microcline and in part orthoclase. I 
poikilitically incloses the other constituents or 
less commonly, is in micropegmatitic inter 
growth with quartz. The characteristic oc 
currence of the quartz is as rounded bui 
minutely irregular grains, about 0.6 millimetej 
in greatest diameter, embedded in the feldspar 
As seen in thin section the boundaries of thes< 
grains are irregularly scalloped, much as wouk 
be those of a section through a blackberry 
The dark constituent in most of the specimens 
is chlorite, but in one thin section was noted i 
little pale biotite, and from this mineral the 
clilorite was evidently derived. All thin seo 
tions show rather abundant titanite and i 
little zircon. 

The origin of this mass of rock is not clear 
The material has little in common with the othei 
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jrranitio riH'ka of tho region and has an unusual 
toAture for a normal igneous rock. If the 
IUH8S is wgnrdod as a product of local differen- 
tial ion of t}\e diabase magma, it is difficult to 
understand why differentiation should have 
taken place at tliis particular spot in the molten 
matorial, unsubjeoted apparently to any con- 
ditions favoring a departure from homogeneity. 
The mass may represent an included block, or 
xenolith, of arkosic quartzite that has been 
metamorphosed by reaction with the diabasic 
magma, although there is admittedly no con- 
clusive evidence for this suggestion. 

AGE. 

Intrusive relations show very clearly that the 
diabase is younger than the Troy quartzite. 
The Mescal and Tornado limestones have been 
cut only here and there by small bodies of 
diabase, but these are supposed to represent 
parts of the same magma that solidified in the 
larger masses. The diabase is thus younger 
than the Pennsylvanian epoch of the Carbon- 
iferous. The relation of the diabase to the 
andesite in the vicinity of Tornado Peak is not 
definitely determinable within the area studied 
but the diabase is thought to be probably the 
older rock. Canipbeirs reconnaissance of the 
Deer rr(»(»k coal field * showed that the andes- 
iii} is |)n)l)Hl)ly Cretaceous, wliich would make 
the (lialiMsc* assignable to the early Mesozoic or 
late Pale<»/<>i<'. 

CRETACEOUS SEDIMENTABY ROCKS. 

The Torinnlo limestone constitutes the latest 
rcconl of iiiariiH^ sedimentation preserved in 
th*^ (ilohc-Hay region. The Deer Creek coal 
ficM," whirh lies about 12 miles east of the 
Kny <\\\ui\tnii^U'f contains several hundred feet 
of colli hcaririK sandstone and slialc from wliich 
wen- roller ted [»lnnt remains wliose forms, ac- 
rordifj^' to I''. II. Knowlton, are suggestive of 
I'ptMr Cn-tjici-ous age, and at a lower horizon 
in i\ii' MiMir* hcds were obtained imperfect 
. tn'f iint'U of Ostrffi and Knxpjray which, ac- 
r/>rdifj/ to T. W. Stanton, are also indicative 
/;f f ret 11' CONS time. Campbell described the 
uih'yiv |;';jti/jn of the sediments as overlain ])y 
a fhi' V. //Ill 1 of jinde.-»iti(' volcanic rocks within 
will' li /i/e j/iterenliitcd solium sedimentary lavers. 



/ ,: .:. jr.. M'. 'IV\ 2>, V.*^\. 



I. S. Cool. Siir- 



According to him, the main body of coal-bearing 
sediments under the andesite thins rapidly to 
the west. These beds are not represented in 
the Ray-Globe region, although the andesitic 
formation, presumably also of Cretaceous age, 
extends into the southeastern part of the Ray 
quadrangle, east of Tornado Peak, and wUl be 
next described. 

ANDISm TUWW AHD BBXOdA.. 
OOOTBRENCB AND DISTRIBmOK. 

In their reports on the Deer Creek coal 
field both Walcott * and Campbell ^ refer 
briefly to the occurrence of large masses of 
andesite overlying the Cretaceous sediments 
and connected with them by the intercalation 
of sedimentary layers containing a little coal. 

Southeast of Tornado Peak and stretching 
as a broad belt in that direction across Gila 
River is an area of somber-colored hills com- 
posed of andesitic tuff. This material is im- 
doubtedly the andesite referred to in the Deer 
Creek reports, although in the Ray quadrangle 
it rests, not on the Cretaceous but directly on 
the Pennsylvanian limestone. In part the 
material may consist of lava flows, and 
certainly it is traversed by many porphyry 
dikes of andesitic to dioritic or monzonitic 
character, but in the main it is an indurated, 
more or less decomposed tuff or tufT-breccia. 
It caps the high ridge between Tornado Peak 
and Christmas and thins out to disappearance 
toward the north but thickens greatly toward 
the southeast, where the general dip carries 
its base down to and under the river. The 
most northerly occurrence of the andesite tuff 
within the Ray quadrangle is at the edge of 
I>ripping Spring Valley, 2 miles northeast of 
the London--tVrizona mine, where it has been 
dropped by faulting against the Tornado 
limestone. Southeast of the quadrangle, on 
tho other hand, the formation, as may be seen 
from any high point near Christmas, is the 
])revailing rock for many square miles. 

In some places the ordinary andesitic 
breccia, as a rule green because of the large 
amount of epidote near its base, rests directly 
on the limestone. South of O'CarroU Canyon, 
liowever, the limestone is unconformably over- 
lain by a layer of angular cherty fragments, 

> Walcott, C. n., ncscrli)t Ion of the (Dwr Creek] coal field: 4Sth C«ig., 
2<i sess., S. Ex. Doc. 20, Appendix I, pp. 5-7, IHJsS. 
« Op. cit. 
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derived from the limestone; embedded in a 
gray clayey matrix. Above this is a layer, a 
few feet thick, of clay and fine soft tuff 
succeeded in turn by the prevailing indurated 
tuff-breccia. The coarse conglomerate men- 
tioned by Campbell as lying at the base of the 
andesite was not seen within the Ray quad- 
rangle but was observed at a few places along 
the Gila between Winkelman and the mouth 
of Dripping Spring Valley. It consists of 
large partly rounded fragments of granite, 
quartzite, and andesite in an andesitic matrix. 
No close study was made of it, but it probably 
represents material thrown out by explosive 
eruptions early in the andesitic epoch. The 
fact that the andesite rests on Carboniferous 
limestone in the Bay quadrangle, whereas, 
according to Campbell, its eruption followed 
the deposition of the Cretaceous sediments of 
the Deer Creek field without any marked 
interval of erosion, indicates that those sedi- 
ments were deposited in a local basin and that 
the area of the Ray quadrangle was then land. 
The tuff-breccia is cut by many dikes 
ranging from dark-gray andesitic porphyries 
with sharp lustrous phenocrysts of hornblende 
to more coarsely crystalline and lighter-colored 
quartz diorite or quartz monzonite porphyries. 

THICKNESS. 

The relations of the andesitic rocks to the 
underlying limestone and to the surface east 
of Tornado Peak indicate a thickness of at 
least 1,000 feet. 

PETROGRAPHY. 

The general color of the andesite is dark 
greenish or reddish gray. The texture is 
minutely porphyritic, small phenocrysts of 
plagioclase being embedded in a fine-grained or 
aphanitic groundmass. The clastic character 
is not everywhere apparent, but on many 
weathered surfaces the faint outlines of the 
constituent fragments are visible on close 
inspection. A large proportion of the rock is 
so jointed and cracked that specimens of the 
ordinary shape and size are difiicult to obtain, 
and the material as a whole has undergone con- 
siderable decomposition. In some localities, 
especially north of the latitude of Tornado 
Peak, the basal portion of the tuff-breccia 
contains much secondary epidote and in places 
is altered to a hard, dense yellow-green aggre- 



gate which under the microscope she 
outlines of feldspars and ferromagnesii 
erals, although these minerals have bee 
pletely replaced by epidote with a little 
and iron oxide. 

The freshest obtainable specimens 
andesite tuff-breccia show* more or less 
position, as seen in thin section. Tl 
ments were originally an ordinary feld 
hyalopilitic pyroxene andesite. The py 
so far as could be determined in partly 
posed material, is all augite, and the f 
sections examined contain no homblen< 

The dikes that traverse the pyr 
andesite fall into two main classes — ^hor 
andesite and holocrystalline dioritic or 
nitic porphyries. Those of the firs 
appear to be restricted to the andesit 
and to beloqg to the same epoch of e 
activity as the tuffs. Many of them ar 
some rocks, showing sparkling black 
crysts of hornblende, generally about 
centimeter in length, .and less cons 
crystals of plagioclase in a partly glass 
groundmass of ordinary andesitic ch 
Augite occurs sparingly as phenocrysts 
the groundmass. Although the rocks 
type are certainly in part dikes, some 
material may possibly represent flows, 
events they are an integral part of the \ 
complex. The porphyries of the secor 
are not limited to the andesitic area but 
to a group of rocks widely distributed o 
quadrangle and wiU be described in i 
place. 

AGE. 

Beyond the fac*t that the andesitic ro< 
on an erosion surfac*e of the Pennsy 
limestone, the Ray quadrangle supplies 
to their age. The work of Campbell 
Deer Creek coal field, however, shows th 
are late Cretaceous or Tertiary. They i 
visionally assigned to the close of the 
ceous and are thought to be younger tl 
diabase. Their altered condition, mc 
suggests that they are older than the d; 

QXTABTZ DIOBITS. 
DISTRIBUTION AND OCCURRENCE. 

The quartz diorite forms small irreg 
tnisive masses and a few dikes of consi 
size. The largest mass in the Ray qua 
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lies about a mile northwest of Kelvin and is 
intrusive in granite and diabase, but is itself 
cut by dikes of quartz diorite poiphyry similar 
to the rock of some of the dikes near Troy. 
Another mass southwest of Ray is intrusive 
into Pinal schist. This mass in turn is cut by 
a dike of quartz diorite porphyry and probably 
also by the Granite Mountain porphyry. Two 
smaller bodies on the north side of Rustler 
Gulch have invaded the Dripping Spring 
quartzite. 

Three miles northeast of Kelvin, near the 
head of Elder Gulch, the quartz diorite is in- 
trusive into the Tornado limestone, within 
which it has effected some local metamorphism. 
Other small bodies of the same igneous rock lie 
north and east of Troy Moimtain. An irregu- 
lar mass about one-fourth of a square mile in 
area cuts granite, diabase, and the Paleozoic 
formations up to the Mescal limestone just 
west of Hackberry Spring, in the southwestern 
part of the Ray quadrangle. Three dikes and 
a small intrusive body of the same rock cut 
granite and diabase northeast of Ripsey Spring. 
Finally, a small body of the quartz diorite in 
diabase is exposed on Pioneer Creek in the 
Mescal Range. 

As bearing on the age of the quartz diorite 
intrusions, the fact should be noted that dikes 
of this rock are fairly abundant in the andesite 
breccia southeast of Tornado Peak. Most of 
these dikes are east of the Ray quadrangle. 

PETROGRAPHY. 

The obvious characteristics of the typical 
quartz diorite (see PI. XV, B) are light to dark 
gray color, even fine-grained texture, and gen- 
eral freshness as compared with most of the 
dioritic porphyries. The constituent minerals 
aie generally not more than 3 millimeters 
across, and phenocrysts as a lule are very 
sparsely disseminated or lacking. On fresh 
fracture the rock sparkles with small crystals 
of hornblende, augite, or biotitc; all tliree min- 
erals are present in some varieties. 

Although the foregoing description apphes to 
the prevalent variety the rock is not wholly 
uniform in general appearance. In certain 
local facies the crystals of hornblende may be 
2 centimeters or more in length, with the feld- 
spars of proportional size. The mineral com- 
position of the rock is also somewhat variable. 



Under the microscope the normal rock ap- 
pears as a fresh aggregate of subhedral to euhe- 
dral plagioclase and hornblende, anhedral inter- 
stitial quartz and orthodase, together with the 
usual accessories — titanite, magnetite, and apa- 
tite. The hornblende is generally intergrown 
with biotite and with colorless or faintly green- 
ish augite. The proportions of these three 
minerals vary in different facies, although it is 
rare to find any one of them wholly absent, 
The plagioclase is not of uniform composition, 
many of the crystals being decidedly zoned, 
but a number of optical determinations gave 
compositions near AbiAn,, so that the feldspar 
is chiefly a calcic labradorite. The quantities 
of quartz and orthoclase vary in different facies, 
even to the point of absence in certain porphy- 
ritic marginal varieties. 

A typical specimen of the quartz diorite from 
the mass northwest of Kelvin was chosen for 
chemical analysis, with results as follows: 

Chemical analyni of quartz diortU. 
[Qtorgd Stelger, analyst.] 

SiO,. 60.42 

A1,0, 17.27 

FejO, 2.60 

FeO 3.47 

MgO 2.30 

CaO - 6.36 

NaaO 3. 14 

K2O 2.34 

H2O below 110^ C 40 

HjO above 110^ C 86 

Ti02 83 

ZrOj None. 

CO2 None. 

P2O5 20 

SO3 None. 

S 06 

MnO 13 

BaO 03 

SrO 06 



100.46 

Tliis rock is a tonalose in the norm system of 
classification and nomenclature. 

In a few places the quartz diorite grades into 
local coarsely crystalline facies, some of which 
are liiglily honiblendic. 

CONTACT METAMORPHISM. 

Quartz diorite which crops out in a small tri- 
angular area about a mile northwest of Troy 
contains an included block of Mescal limestone. 
This has been strongly metamorphosed, and 
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the igneous rock near the limestone is more 
coaiselj crystalline and more conspicuously 
homblendic than elsewhere. The principal 
minerals developed by metamorphism in the 
limestone are vesuvianite, clinochlore, diopside, 
epidote, hornblende, and garnet. The vesu- 
Tri&nite is in stout, nearly sulphur-yellow crys- 
t;als which, according to W. T. Schaller, who 
verified the determination of the mineral, 
present no unusual faces. The garnet is a yel- 
low-brown variety in crystals as much as a 
centimeter in diameter. 

Similar metamorphism has been imdei^one 
ly a block of limestone included in quartz 
diorite 2 miles northwest of Troy. Here the 
garnet shows no crystal faces and is full of in- 
clusions of diopside. The rock in places is a 
:fine-grained aggr^ate of colorless anhedral 
<liopside. 

Another locality where limestone, in this 
place the Tornado limestone, has been meta- 
morphosed by the quartz diorite is in Elder 
Gulch, 3 miles northeast of Kelvin. At the 
contact woUastonite has been developed in 
coarsely crystalline masses and occurs also 
associated with diopside, vesuvianite, and 
garnet 

SCHIJLTZB ORANITB. 
EXPLANATORY NOTE. 

The Schultze granite was rather fully de- 
scribed in the professional paper on the Globe 
district and in 'the Globe folio, but as these 
publications are no longer readily obtainable 
and as the granite, particularly its porphyry 
facies, has been found to be of additional 
economic importance since those reports were 
published, much of the description wiU here be 
repeated in substance. At the time the reports 
mentioned were written the Schultze granite 
was provisionally included with other granitic 
rocks in the pre-Cambrian. Although its 
relations to adjacent formations afford no con- 
clusive evidence for a change of assignment, the 
character of the rock and its similarity to other 
granitic rocks in the region now known to be 
younger than the diabase and probably of 
Tertiary age make it reasonably certain that the 
Schultze granite is post-Cambrian and probable 
that it is Tertiary.* 

The chief interest of the Schultze granite in 
connection with the present report lies in its 

1 Ransome, T*. L., Geology at Globe, Ariz.: Mln. and Scl. Press, Feb. 
12, 1910, pp. 256-257. 



intimate relation to the disseminated copper 
ores of the Miami district. 

OCCUKBENCE AND DISTRIBUTION. 

The Schultze granite occupies an irregular 
area in the west-central part of the Globe 
quadrangle, extending from the vicinity of 
Miami on the northeast to the Pinal ranch on 
the southwest, a distance of about 10 miles. 
As a rule, erosion in this area tends toward the 
development of broad basins and moderate 
slopes, which, however, may be very rugged in 
detail. The surface of the granite is but poorly 
screened by vegetation, so that the roimded 
outcrops and smoother slopes covered by loose 
particles of feldspar, quartz, and mica give a 
pale-yellow tint to the landscape. 

PETROGRAPHY. 

The granite is characterized by a prevalent 
porphyritic texture and a generally light tint. 
The usual color of slightly weathered surfaces 
is pale yellow, but fresh specimens are nearly 
white, speckled with small flakes of black mica. 
The constituents visible to the unaided eye are 
porphyritic crystals of a fresh, white feldspar 
as much as 2 inches in length, showing the bril- 
liant cleavage faces and Carlsbad twinning 
characteristic of orthoclase. These pheno- 
crysts lie in a medium granular groundmass 
whose constituent grains range from 1 or 2 
millimeters to 1 centimeter in diameter and 
comprise quartz, white feldspar, and biotite. 
Close inspection of cleavage faces shows that 
the feldspar of the groundmass is predomi- 
nantly plagioclase. Such is the rock in which 
the kettle-like holes are eroded at Bloody Tanks 
and which is well exposed around the Schultze 
ranch, on Pinto Creek, and along the trail from 
this creek to the Pinal ranch. 

Under the microscope thin sections (which 
as a rule illustrate chiefly the groundmass or 
granular portion of the rock) show a hypidio- 
morphic granular aggregate of oligoclase, 
quartz, orthoclase, and biotite, with accessory 
muscovite and a very little iron ore, apatite, 
and zircon. Small quantities of epidote and 
chlorite are present here and there as alteration 
products of biotite. 

The oligoclase, which is a calcic variety, 
although containing a little brownish micro- 
scopic dust, is generally fresh and has a ten- 
dency toward idiomorphic form. 
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The orthoclase occura as phenocrysts, many 
►f which are irregularly bounded or peripher- 
Jly intergrown with oligoclase and quartz, 
Lud also allotriomorphically crystallized with 
[uartz between and around the oligoclase in 
he groundmass. It is fresh and fairly clear 
knd is not noticeably microperthitic, although 
t contains numerous inclusions of oligoclase, 
[uartz, and biotite. 

The biotite shows the usual microscopic 
;haracteristics. 

A chemical analysis of a typical sample of 
he Schultze granite, collected about a mile 
rest of the Schultze ranch, in the Globe quad- 
angle, is given in column 1 of the following 
able; in column 2 is the analysis of a porphy-. 
itic marginal f acies obtained 2 miles south of 
he Schultze ranch. 

Chemical analyses ofgramU and granite porphyry, 
[E. T. AUfln, amayst, 1902.] 




igO. 
)aO.. 

C,0. 



f.O below 110° r 
i;;0 above 110° 

;^o.. 

:rO', 



V>5 



50. 



>/)3 

siO.. 
.IiiO. 
^aO. 
;rO.. 
.i2( ) - 



70.95 

16.30 

1.01 

.36 

.23 

1.85 

5.16 

3.34 

.20 

.37 

.23 

Trace. 

None. 

Trace. 

Trace. 

rndet. 

Undet. 

Trace. 

None. 

Undet. 

Trace. 

.04 

I'ndet. 

Undet. 

100.10 



69.35 

15.71 

1.18 

.43 

.36 
1.79 
4.78 
3.63 
1.17 

.97 

.10 
Trace. 
None. 

.08 



Trace. 
None. 



Trace. 
.07 



90.71 



In the norm quantitative system the two 
•ocks analyzed correspond to lassenose. In 
:heir high silica, low iron oxides, magnesia, and 
ime, and moderately high potash and soda, 
liey corres})ond in the familiar system of 
'lassification to a granite, and the preponder- 
uice of soda over potash ])oints to a soda 
2:ranit€, in which might be expected an alkalic 
eldspar rich in the albite molecule. The 
optical examination, on the other hand, shows 



that the chief constituent of the rock is oligo- 
clase. By calculating the magnesia, all of the 
ferrous oxide, and most of the ferric oxide as 
biotite, and proportioning the remaining pot- 
ash to the remaining alumina for orthoclase 
and muscovite after the subtraction of enough 
of the alumina to form titanite, albite, and 
anorthite, the approximate mineral composi- 
tion of the rock may be arrived at, as follows: 

Mineral composition of granite, 

Oligoclaro (Abg-\ii,) 52.24 

Orthoclase 16. 82 

Quartz 24.09 

Biotite 4.50 

Muscovite 1. 2S 

Titanite 43 

Iron oxides 64 



100.00 



Some of the albite molecule is probably com- 
bined with the orthoclase molecule to form 
alkalic feldspar, but as the orthoclase is not 
microperthitic, and as the composition of the 
oligoclase as above calculated agrees well with 
the optical determinations, this amount is 
probably not large. It thus appears that 
about half the rock is composed of oligoclase. 

It was found in making the forgoing calcu- 
lation that if all the alumina, after taking out 
sufficient for the biotite, anorthite, and albite, 
were combined with the available potash it 
would give nearly as much muscovite as bio- 
tite. This result, as microscopic examination 
shows, is jJainly erroneous, and as the alumina 
in the analysis is rather higher than is common 
in rocks of this general chemical character, 0.5 
per cent of this oxide was assumed as excessive 
and thrown in with the remaining iron oxide 
as iron ore. This is in accord with the well- 
known fact that small and often unavoidable 
errors in analysis, espe<*ially any occurring in 
the iron det^^rminations, are cumulatively 
thrown uj)on the alumina. 

I'pon consideration of the chemical and 
mineral compositions together it appears that 
the rock does not fit into existing mineralogic 
schemes of classification. Chemically it is a 
sodium-rich granite, hut mineralogic ally it is 
about half j)]agioclase. It is conceivable that 
under slightly different conditions the calcium 
might have gone into mineralogic combination 
to form pyroxene or am})hibole instead of 
oligoclase, and the rock would then have been 
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made up chiefly of alkalic feldspar, and could 
be placed without hesitation among the sodium- 
rich granites. All things considered, it appears 
to belong somewhere between the quartz mon- 
zonites and the alkalic granites. It is placed 
provisionally with the latter for the reason that 
chemical composition is considered more impor- 
tant in deciding petrologic relationship than 
the particular manner in which the potassium, 
sodium, and calcium of a given magma enter 
into mineralogic combination. 

The foregoing description applies to the rock 
characteristic of the mass as a whole, particu- 
larly at some distance from its periphery. 
Near the periphery the typical porphyritic 
granitoid rock may pass into facies which, in 
the absence of a more appropriate name, may 
be called biotite granite porphyry. Such por- 
phyry (PI. XVT, A) is characteristic of the 
copper-bearing area north of Bloody Tanks, 
drained by Liveoak Gulch, and of the southern 
border of the granitic area near the schist con- 
tact south of the Schultze ranch. The lobe- 
like projection of the biotite granite extending 
northward past Needle Moimtain, west of 
Miami, shows much textural variation, passing 
into facies in which very conspicuous ortho- 
dase phenocrysts lie in a mediiun granular to 
fine granular, rather biotitic groundmass. A 
few of the orthoclase phenocrysts are 4 or even 
6 inches in length, and such large crystals 
always show rounded outlines and more or less 
peripheral poikilitic texture. 

A typical specimen of the granite porphyry 
near the schist contact, 2 miles south of the 
Schultze ranch, shows idiomorphic phenocrysts 
of orthoclase and quartz in a fine-grained 
groundmass consisting chiefly of white feldspar, 
quartz, and biotite. The orthoclase pheno- 
crysts occur in apparently imtwinned indi- 
viduals of the usual orthoclase habit and have 
a maximum length of about 2 centimeters. 
The quartz phenocrysts are of slightly rounded 
bipyramidal form and rarely exceed 5 milli- 
meters in length. 

Under the microscope the rock shows a 
typical porphyritic texture. Phenocrysts of 
orthoclase, quartz, plagioclase (mostly oUgo- 
clase), and biotite lie in an extremely fine 
granular groundmass, such as is common in 



''quartz porphyries" but was hardly exj 
in a facies of so crystalline a plutonic re 
the granite of the Bloody Tanks area, 
quartz phenocrysts, too, are embayed, 
conunon in rhyolitic effusive rocks. The < 
dase is usually untwinned, idiomorphic 
fairly fresh, although all the feldspars cc 
some sericite and indeterminable alte] 
products. The biotite is almost wholly a 
to chlorite, epidote, and iron ore. 

A chemical analysis of this porphy 
given in colunm 2 of the table on pag 
The practical identity of the magma 
solidified as porphyritic biotite granite i 
middle of the bathoUth and as gra^nite por] 
at the contact with the schists is app 
from a comparison of analyses 1 and 2. 
modification is textural and perhaps to 
degree mineralogic, but there has bee 
appreciable magmatic differentiation. 

The porphyry of Liveoak Gulch has 
much shattered and veined and is exteni 
stained with salts of copper. In its ] 
graphic character it is similar to that 
described, but all gradations may be 
along the Western Pass road near B 
Tanks from porphyries with microcryst 
groundmass to the typical biotite grani 
the central portion of the batholith. 

QTTABTZ MONZONITE PORPHTBY. 
DISTRIBUTION AND OCCURRENCE. 

The quartz monzonito poiphyry is coi 
to the vicinity of Ray and occurs for the 
part west of that town. Two varietiei 
recognized. One, designated the Gi 
Mountain porphyry, is intrusive into 
Pinal schist southwest of Ray as a numl 
irregular masses, of which the largest : 
part of Granite Mountain. (See PI. 3 
There are also two small bodies of this 
east of Ray, shown in Plate XLV. Mc 
the altered porphvry in the copper-be 
area west of Ray appears to belong t<: 
variety, although, owing to alteration, 
identification is not everywhere possible 

Tlie other variety, distinguished as 
Teapot Mountain porphyry, occurs c 
northwest of Ray and north of the recog 
copper-bearing area. One small mass 
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rhmt ftbont a mile northeast of Ray, is repre- 
^^titftd on Plate II. But, as shown by the 
Ray geologic map (PI. XLV), which covers 
an area extending west of the Ray quadrangle, 
tbiNB are many dikes and one irregular mass of 
considerable size exposed on the flanks of Tea- 
pot Mountain, a prominent landmark north- 
west of Ray. 

PETROGRAPHT. 
6BAHITS MOXrHTAnr PORPHYBT. 

The quartz monzonite porphyiy west of 
Ray is a light-gray, nearly white rock, which 
on slightly weathered surfaces has generally a 
faint yellow tint and closely resembles some 
of the Schultze granite. This lightness of hue 
18 due to the preponderance of feldspar and 
quartz, the only dark constituent being black 
mica in small and sparsely disseminated scales. 

The texture of the larger masses, such as that 

intrusive into the schist of Granite Mountain, 

resembles on casual inspection that of a por- 

phyritic granite of medium grain, with pheno- 

crysts of orthoclase and quartz not, as a rule, 

sharply differentiated from the groimdmass. 

The microscope, however, reveals a typical 

poirphyritic texture. The most abimdant 

pheuocrysts are plagioclase, which probably 

are not all of the same composition but which 

are for tlie most part andesine or calcic oligo- 

cla^. These phenocrysts are euhedral to 

mbluHlral, and their average length is about 

I A nuUimoters. The phenocrysts of quartz, 

m a nilo partly rounded or embayed, are gen- 

«4rally larger than the plagioclase, and the 

urthmJaHO phenocrysts are still larger, some 

Win|{ 2 or 3 centimeters in length. They are 

Hilt abundant, however, and do not appear m 

^vt^ry thin section. The biotite phenocrysts 

art) of the UHual subhedral form. The ground- 

liiMMt M a f uio, equigranular aggregate of quartz 

and rioar orthoclase, and is approximately 

^iUal in volume to the phonocrjrsts, or, more 

brlody, the tc^xture is sempatic. The average 

dianM^U^r of grain in the groundmass is about 

0.1 tniliiineU^r. In addition to the principal 

liiliinralM the porphyry contains small quantities 

uf lllaiiitis apatite, magnetite, and zircon. 

A ctuunical analysis of a repnwontative 
i«aiiipl<^ from tlie oast base of Qranite Mountain, 
I iiiilnHoiiiliwoHtof Humboldt Hill, is as follows: 



Chemical analytis of quartz monzonite porphyry . 

9 

[R. C. Wells, analyst] 

SiOa 70.62 

AljOs 15. M 

77 

1.31 

66 

2.49 

3.96 

3.72 

36 

88 

27 

ZrOj None. 

CaO None. 

PjO, 09 

S Trace. 

MnO 02 

BaO 03 

SrO None. 



FejO, 

FeO 

MgO 

CaO 

Na,0 

KaO 

H3O below 110^ C. 
H3O above 110** C. 
TiOa 



100.62 



In the norm quantitative system this rock 
is toscanose. 

TBAPOT MOUVTAnr POBPKYBY. 

Closely associated with the Granite Moun- 
tain porphyry of Ray is a sUghtly different 
variety of quartz monzonite porphyry, which 
occurs for the most part north and west of the 
copper-bearing area, on the southeast slopes 
of Teapot Mountain, as dikes and irregular 
masses in the Pinal schist. 

This rock (PL XVI, B) is, as a rule, a little 
darker in color than the Granite Moimtain 
porphyry and is more obviously porphyritic. 
The general color of the fresh rock is gray, but 
surface exposures are generally light yellowish 
brown from decomposition. Contrasting 
sharply with the gray groundmass are pheno- 
crysts of pink orthoclase as much as 3 centi- 
meters in length. These are associated with 
smaller phenocrysts of quartz and of milky- 
white feldspar. 

Under the microscope the matrix in which 
occxu: the large orthoclase crystals itself shows 
phenocrysts of plagioclase, orthoclase, quartz, 
and biotite in a very fine grained granular 
groimdmass that is probably chiefly quartz 
and orthoclase. A single twinned crystal of 
aUanite about 0.65 millimeter long was noted 
in one thin section. Although this porphyry 
is yoimger than the Granite Mountain por- 
phyry, it is more subject to decomposition 
than that rock, and ordinary exposures do not 
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afford satisfactory material for petrographic 
and chemical study. The feldspars are largely 
changed to calcite and sericite and the biotite 
to chlorite and epidote. 

CONTACT METAMORFHISM. 

The contact action of the quartz monzonite 
porphyry near Ray is most apparent on the 
diabase, which, near the porphyry, glistens 
with abundant secondary biotite. This altera- 
tion is of the same sort as that produced by 
quartz diorite porphyry in diabase near the 
London-Arizona mine, and is described on page 
64. Altered diabase of the kind referred to 
may be well seen on the dimip of the Blue Bell 
shaft, southeast of the town of Ray. 

OBANODIOBITE. 
OCCURRENCE AND DISTRIBUTION. 

The almost abandoned settlement of Troy, 
in the Dripping Spring Range, is situated in a 
small upland basin floored with granodiorite 
and inclosed by hills of diabase and Paleozoic 
sediments, into which the granodiorite is in- 
trusive. The principal area of this granite- 
like rock is roughly pear-shaped in outline, 
with the point to the east. Its length is If 
miles and its greatest width nearly IJ miles. 
A small outlying area half a mile northwest of 
Troy, although inclosed at the surface by 
Pioneer shale, is probably part of the main 
Troy mass. 

PETROGRAPHY. 

The granodiorite of Troy (PI. XVII) is a 
light-gray evenly granular rock whose principal 
constituents, easily recognized as plagioclase, 
quartz, and black mica, average about 3 
millimeters in diameter. Although over much 
of the surfaces of the basin the rock is dis- 
integrated and crumbUng, it is not difficult to 
procure material that is fresh or that shows 
imder the microscope only shght development 
of epidote and chlorite in the biotite or of cal- 
cite and sericite in the feldspars. 

In thin section imder the microscope the 
rock appears as a granular aggregate of 
andesine (near AbjAnj), quartz, orthoclase, 
biotite, hornblende, titanite, magnetite, and 
zircon. With the exception of the quartz and 
orthoclase, which are anhedral, the principal 
constituents are subhedral, and some of the 



hornblende shows automorphic sections in the 
prism zone. The minerals have the usual 
character of those found in rocks of this class 
and call for no detailed description. The 
orthoclase and hornblende are both rather 
variable, being fairly abmidant in some f acies 
and inconspicuous or absent in others. They 
are nowhere, however, other than subordinate 
constituents. 

A chemical analysis of a typical sample of 
the granodiorite, from a point half a mile 
northeast of Troy, is as follows: 

Chemical analysis of granodiorite. 
IR.C. Wells, analyst.! 

SiOa 64.84 

AI3O, 16.49 

FejO, L87 

FeO 2.28 

MgO L58 

CaO 4.54 

NajO 4.18 

K3O 2.46 

HjO below 110*» C 19 

HaOabovellO^ C 98 

TiOj 50 

ZrOj 01 

COa Trace. 

PjOb 19 

S None. 

MnO 06 

BaO 02 

SrO None. 

IA2O None. 

100.19 

The name in the norm system for a rock of 
the above composition is yellowstonose. 

The rock of the little area half a mile north- 
west of Troy resembles that of the main 
mass, although it is slightly finer grained and, 
as the microscope shows, approaches grano- 
diorite porphyry in texture. 

CONTACT METAMORFHISM. 

The most noticeable metamorphism near the 
granodiorite of Troy is on the northwest 
side of the intrusive mass, where the igneous 
rock is in contact with fine-grained gray 
schist. This schist is not imlike some of the 
finer-grained varieties of the Pinal schist, but 
its geologic relations at this place show that 
it is locally metamorphosed Pioneer shale. 
The schistosity conforms to the bedding of 
the former shale, dipping about 15° SW. 

One specimen of the schist, when examined 
in thin section, proved to consist of quartz, 
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biotite, and musoovite with andalusite in long 
ragged prisms and rather abundant corundum 
in grains, granular aggregates, and larger 
individuals without external crystal form. 
The corundum is colorless in thin section blit 
contains numerous dark inclusions. Its index 
of refraction was determined to be above 1.736 
(that of the highest refractive index liquid at 
hand), while the birefringence is low, only 
slightly exceeding that of quartz. The mineral 
gives a uniaxial interference figure and is 
optically negative. It was foimd to have a 
density greater than that of methylene iodide 
(approximately 3.3) and remains as a residue 
when the powdered rock is treated with hydro- 
fluoric acid. These properties together estab- 
lish the identity of the mineral as corundum 
beyond any reasonable doubt. 

Other specimens from the same smaU area 
of schist showed neither andalusite nor corun- 
dum, although all contain a little dark tour- 
maline as a microscopic constituent. 

The schist is overlain by the Barnes con- 
glomerate, which is so metamorphosed as to be 
scarcely recognizable. It looks at first glance 
like a nearly homogeneous white quartzite, 
and close examination is required to distin- 
guish the shadowy outlines of the original 
pebbles. 

The diabase near the granodiorite in places 
shows noticeable alteration. It is more glit- 
tering than the normal diabase and evidently 
contains abundant biotite. The microscope 
shows that this rock, w^hile retaining the gen- 
eral texture of the diabase, has imdergone 
extensive recrystallization. The original feld- 
spars have a reddish turbidity and are full of 
minute inclusions. Tlie augite and olivine 
have totally disappeared and are replaced by 
aggregates of green hornblende and biotite. 
There is considerable clear secondary feldspar, 
generally in optical continuity with the original 
feldspar and containing flakes of biotite and 
needles of amphibole. The rock is perfectly 
fresh, and it is clear that the change was pro- 
duced by a more active agency than those 
which effect the ordinary uralitization of 
pyroxenic rocks. 

Certain of the ore deposits near Troy are to 
be intor])roted as the results of contact meta- 
morphism by the granodiorite magma. Such 



are the deposits of the Rattlesnake or Man- 
hattan mine, 1 mile east of Troy, on the South 
side of the granodiorite area. Here magnetite, 
chalcopyrite, and pyiite occur as irregular re- 
placement layers in the Mescal limestone, 
which has been altered to an aggregate of 
diopside, white mica, and other silicates. The 
chalcopyrite has been in part changed to 
chalcocite, and the white mica apparently to a 
green micaceous mineral of the chlorite group, 
probably clinochlore. The white mica, although 
suggestive of muscovite, is probably not that 
mineral and may be a colorless phlogopite. No 
detailed study has yet been made of the 
metamorphic minerals at this locality. 

QITABTZ DIOBITS POBPHTRT. 
OCCURRENCE AND DISTRIBUTION. 

The rocks here included under the heading 
quartz diorite porphyry are widely distributed 
over the Ray quadrangle as dikes, sills, and 
small intrusive masses. In dikes they are 
abundant in the vicinity of Troy and are 
Ukely to attract the attention of a traveler over 
the stage road, from the fact that they crop 
out in the granodiorite area as narrow ridges 
of darker color than the surrounding granitic 
rock. The general trend of the dikes near 
Troy is nearly due east, but in the vicinity of 
the Alice and Buckeye mines, southwest of the 
settlement, some of the dikes branch into 
nearly north fault fissures. The width of 
most of the dikes is between 10 and 100 feet. 

Intrusions of this porphyry are abundant 
also between Tarn o* Shantcr Peak and Gila 
River. In this part of the Mescal Range the 
porphyry cuts the andesite tuff and has in- 
vaded the Tornado limestone both as dikos 
and sills. The ore deposits of the London- 
Arizona mine and at Christmas appear to be 
genetically dependent upon the quartz diorite 
porphyry. 

PETROGRAPHY. 

More or less decomposition is so prevalent 
a feature of the quartz diorite as to be one of 
its chief characteristics, and the crumbling 
condition of most surface exposures makes 
it difficult to collect satisfactory petrographic 
material. Furthermore, in view of the facts 
that the porphyry in different parts of the 
same (hke may be wholly unlike in color and 
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texture and that the mmeralogic and chemical 
distinction between quartz diorite porphyry 
and other members of the dioritic and monzo- 
nitic families is at best not sharp, it is obvious 
that among the many intrusive bodies mapped 
as quartz diorite there are possibly a few that 
belong to other rock types. Probability, not 
infallibility, is all that can be claimed for the 
classification of some of these bodies. 

The typical quartz diorite porphyry (PL 
XVIII, A), as exemplified by some of the 
larger dikes near Troy and by the intrusive 
bodies of various form near the London-Arizona 
mine and near Christmas, is a rather light gray 
speckled rock within which may readily be seen 
phenocrysts of white feldspar, of black mica, 
and of quartz, whose relative size and abun- 
dance of these constituents is generally in the 
order named. The phenocrysts rarely exceed 
a centimeter in length and as a rule are smaller. 
They lie in a gray groundmass apparently 
composed in part of the same minerals. Some 
varieties show hornblende, but it is generaUy 
not abimdant or conspicuous. Small crystab 
of rosin-yellow titanite have been noted in one 
or two specimens. With the pn^ress of de- 
composition the bright granitic gray color 
changes to various shades of greenish or yel- 
lowish gray in consequence of the development 
of epidote and chlorite. 

Under the microscope in thin section the 
typical fresh porphyry shows subhedral phe- 
nocrysts of andesine (near Ab^Aui) and biotite, 
with rounded or embayed phenocrysts of 
quartz and generally a few phenocrysts of 
hornblende which may be intergrown with the 
biotite. These he in a fine granular ground- 
mass consisting chiefly of quartz and plagio- 
clase granules imder 0.3 millimeter in diameter, 
with more or less biotite and hornblende and 
the usual accessory minerals magnetite, apa- 
tite, titanite, and zircon. AUanite appears to 
be a characteristic though sparsely dissemi- 
nated constituent of the porphyry, but it is 
not present in every thin section. The largest 
ciystal seen was a millimeter in length. 

Comparatively few tliin sections show all the 
above-mentioned minerals in fresh condition. 
The feldspars are as a rule partly altered to 
sericite and calcite, the biotite is partly or 
wholly changed to chlorite and epidote, and the 
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hornblende is represented by aggregate; 
calcite, epidote, and chlorite. 

Deviations from the type are many 
varied. Some facies are finer grained, £ 
show no quartz phenocrysts to the naked 
others show prominent phenocrysts in 
aphanitic groundmass, and still others 
almost aphanitic throughout. 

A conunon facies among the dikes in 
Troy basin is characterized by abum 
phenocrysts of dull, slightly pinkish feld 
and of rounded quartz, the largest 1 centin 
in diameter, with inconspicuous phenoci 
of hornblende and biotite, in a dark greei 
gray aphanitic groundmass. The micros 
shows that the pink feldspar is not, as its 
pearance at first suggests, orthoclase bi 
plagioclase, probably andesine, largely alt 
to kaolinite, calcite, and sericite. Homble 
rather more abundant in the ground] 
than in the typical quartz diorite porpli 
has been for the most part changed to epi 
and chlorite. Biotite, in this facies less a 
dant than in the typical variety, has 
altered to the usual secondary products. 

Dikes, resembling those just describe 
being more homblendic than the ty^ 
quartz diorite porphyry, occur in dial 
about a mile west of Kelvin. 

Some of the wider dikes near Troy grad 
their margins into fine-grained facies ha 
very little resemblance to the main rock o: 
dike. This gradation is shown exceptioi 
well by the dikes south and west of b 
mark 3,644. The marginal facies is genera 
compact greenish-gray or brown rock 
minute phenocrysts of hornblende in 
aphanitic groundmass. Some varieties s 
also small phenocrysts of plagioclase 
biotite. The rock has invariably an orij 
rough cleavage parallel with the sides of 
dike and has acquired by weathering a 
nounced platy structure. Under the m 
scope these marginal rocks are seen to be n 
decomposed and to contain abundant cal 
chlorite, and other secondary products, 
there appear to have been originally s 
phenocrysts of plagioclase and hornblende 
groundmass consisting chiefly of tiny f< 
laths of plagioclase. Were the rocks f reshe 
dikes of Troy would provide the material f( 
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1 ta call attention t6 liie mns^bA diffiBr- 
I in general character between ^e meffial 
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• Inoliidit anj PgOt end TlOt. 

QoartBdiorite porphyry £roia middle of dike. B. C. 

I0. analyst. 

Mitsiiiftl fades of above. W. T. Schalkr, analyBt. 

I locks contain calcite, epidote, and chlorite. 

lie fine-grained rock that forms a marginal 
ea of some of the larger dikes also occurs by 
If as dikes of considerable width, some of 
3e being wider than the combined width of 
two lateral f acies of the large differentiated 
9s. A specimen from one of these dikes, 
I a mile north of Troy, being the freshest 
B rock obtainable, was selected for chem- 

analysis. This rock shows small pheno- 
3ts of andesine (less than 5 millimeters) and 
iller ones of biotite in a compact slate-gray 
undmass. Texturally it is intermediate 
v^een the ordinary marginal facies and the 
phyry described on page 65. The micro- 
pe shows phenocrysts of andesine, hom- 
ide, partly chloritized biotite, apatite, and 
;netite in a fine andesitic-looking felds- 
hic groundmass. Quartz is absent, and 

specimen in this respect is representative 
ler of the marginal facies than of the typical 
irtz diorite porphyry. The analysis is as 
ows: 
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Among the qniMa diorite porphyry dikea 
near Cane Springi shown on Plate IIi aio a 
few thin, ahort d^kea of oompaet greeniahFgray 
andeaite. Aa th^ iniQKartanee acazoely war* 
ranta an iadyhrid^ial ocdor and aa they were 
peihapa intruded at the same tkiie aa ttbo other 
dikes, they are mapped aa quarts diorite por« 
phyry. 

€X>NTAGT M15TAHOBFH1BH. 

Notable contact metamorphism has been 
produced by the intrusion of quartz diorite 
porphyry in the vicinity of the London-Arizona 
mine, in the southern part of the Ray quad- 
rangle, and at Christmas, just east of the 
quadrangle. Near the London-Arizona mine 
the diabase close to the porphyry has the gUt^ 
tering appearance that denotes the develop- 
ment of secondary biotite and in places has 
become a dark biotite schist. The alteration 
is the same in kind but more intense than that 
near Troy described above. Here and there 
in the Carboniferous limestones, not every- 
where in actual contact with the porphyry but 
in all probability a consequence of its intrusion, 
are masses of garnet rock. About a mile 
southwest of the London-Arizona mine the 
dimip of the London Range shaft, in Tornado 
limestone, shows considerable thulite, the 
pink manganese epidote, associated with some 
common epidote. This occurrence is perhaps 
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aiso due to the intrusion of the quartz diorite 
porphyry, although none of that rock is visi- 
ble at the surface at this plac«. 

At Christinas the copper d<>po3ita are of 
coDtact-raetamorphic origin, occurring in the 
Tornado limestone in close association with 
quartz diorite porphyry. The principal sul- 
phides are pyrite, chalcopyrite, and sphalerite 
associated with garnet, m^netite, serpentine, 
diopside in granular and in part radial micro- 
scopic a^r^ates, and calcite. It is likely 
that other silicates than those mentioned are 
also present, as the mineralogy of the deposits 
has not been fully studied. A little bomite 



tenos TO support the suggestion on pag 
that the monzonite may be oldei; than t 
post-Paleozoic granitic rocks of the re( 

The chemical variation in these 
shown diagrammatically in Plate XIX 

WUITBTAIL CONGLOUSKATB. 

In the reports on the Globe quadra 
Whitetail formation was described as a 
of rather coarse and in many places so 
angular stony detritus that lay in the 
of a former land surface and together w 
surface was covered by dacitic lav 
material is generally of local origin an 
with the underlying rock. It appears 



Chtmirsl aTialyta n/ poll' Pcleoioic ipanU-U roctt and related porphyria o/ Ute Globf-Ecy region. 
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, 1 mile west of Schultzo ranch, Globe quadrangle. E. T. Allen, analyst. 



, Granite porphyry (£i 



porphyry [.luartz monzonite porphyry), Granite Uountain, Bay diatnct. R. C 
(faciea ot.S^bultze granite), 2 miles south of Scbuitze rancn. E. T. Allen, ai 



4. Granite porphyry, 4^ miles south of Schultze ranch. E. T. Allen, analyst. 

6. Lost Gulch monzonito (quartz monzonite), Loat GuJch, Globe quadrangle. W. F. Uillebrand, 



.. Diorit« porphwy dike i:- „ , 

8. Granodiorit«, Troy, Ray quadrangle. 

9. Quartz diorit<', 2 miles northwest oi Kclvi 

and chalcocite were noted, the latter clearly of 
supei^ene origin. 

COKPABISON OF THE QKAinTIC BOCKS. 
The accompanying table of chemical analyses 
shows the close relationship e.\isting between 
thepost-Paleozoicgraniticrocks and porphyries. 
The Lost Gulch monzonite is lower in alumina 
than the others and differs from them also in 
containing more potassa than soda. This 



accumulated particularly on areas of < 
and in such situations is made up of 
or very imperfectly rounded fragments 
rock with a minor proportion of lu 
fragments. The fragments are as mu 
foot in diameter and are generally mon 
decomposed. Typical aspects of the 
tail formation are shown in Plate XX. 
The formation is the record of the op< 
prior to the dacite eruptions, of fon 
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processes similar to those that afterward, on it must have exceeded 1,000 feet. In spite of 

a larger scale, accumulated the Qila conglom- vigorous poatdaoitic defonnatioa of the region, 

erate, which in some places is almost identical it is dear that the flow was poured out over 

wiUi the Whitetail. Apparently then aa now an irregular surface in whose ravines and val- 

areas of diabase tended to become lowlands leys the Whitetail formation had previously 

and were strewn more abundantly than at aocumulated. 

present with atony detritus, locally reworked The basal portion of the dacite is well ex- 

and partly stratified by transient streams, posed 2 miles northwest of Walnut Spring, 

Detrital fans at the mouths of shallow gulches, where a small body of this rock caps a promin- 

Qieiging with the stony litter of an arid sur- ent flat-topped summit in the Dripping Spring 

tpfs, were covered by the tuff and lava of the Range and rests partly on diabase and partly 

d'aiJitic eruptions and so preserved. In the on the Mescal limestone, with here and there a 

absence of fossils a rough approximation to the little of the Whitetail formation intervening, 

age of the Whitetail formation, deduced from Here the lower 3 or 4 feet of the dacitio forma- 

the general physical history of the r^ion, is tion consista of a light pinkiah-gray, rather 

all that is possible. As it lay on the surface soft rock, with small sparkling flakes of block 

over which the probably early Tertiary dacitic mica and fragments of diabase and limestone, 

lavas were erupted, it also is refep-ed to the It closely resembles the typical dacite, presently 

same period. to be described, but is a shade lighter in color 

Excellent places to observe the Whitetail and, as shown by the microscope, is a glassy 

formation are the steep slopes of Teapot dadte tuff. Above this is a 12 to 15 foot layer 

Mountain near Ray (PI. XTJII, A) and near of a brittie, nearly black vitrophyre, with 

the Continental mine, in the northwestern part resinous luster, which is a per^stent and 

of the Globe quadrangle. characteristic feature at the base of the lava 

DAcrrs &OW. This grades upward into the typical 
pink dacite, which maintains its lithologic 

oooUKBBNCE AND DisTBiBUTioN. character with scarcely any variation wherever 

Dacite coverelargeareasandiswidelydistrib- '^ «««"" '"^ ^^i® ^lo^e and Ray quadrangles, 

nted in the Globe quadrangle but in the Ray ^" Webster Gulch, noHh of Miami, between 

q^adrangle occurs only at the north end of the ^« ^*™'"' °^« »°*1 *« Inspn^tion mill. 

Dripping Spring Range. The mass through ^^^ ^^^ ^*^ °°- * deposit of soft dacite tuff 

•which Mineral Creek has cut its goT^e north of ^^ !»?«" «' ^'a^ase fragments and brown 

Bayis merely the Bouthem extremity of a thick "^y- The material, owing to its softness, is 

and extensive flow whose surface may be seen P°°^^y exposed, but there appear to be at least 

from any of the summits north of ScottMoun- '»">■ °' ^^^ l^^*" «* t^« ^"^'^ detritus, somo 

t*in stretching m rugged desolation for many «* *^«^ "^ separated by pink dacite tuff, 

milestothenorthwest. (SeeH.XXI,^.) Into ^Iw total.thickness of the tuff, diabase frag- 

ihis thick mass of lava Mineral Creek and its menta, and clay may be 150 feet or more. The 

tributary. Devils Creek, have mcised deep, deposit appears to, be a very smaU one, and 

nanow canyons of notably picturesque char- presumably the material was washed mto a 

acter. The main portion of this flow is faulted local basm before and dunng Uie dacitio erup- 

down against the older rocks of the Dripping <^>o"«' ^«"^ «'™'*«d finally by the dacit* flow. 

Spring Range, but outlying remnants rest here The deposit is of special interest as containing 

atA there on the higher parts of this range ^f chiysocolla ores of the Wamor and Geneva 

nffrih of Scott Mountain, and a considerable ""^es. 

, , ., _,, 1 L .1 /^i PETROGRAPHY. 

ana of dacite, partly covered by the Giia con- 

^omcrate, extends southward to the vicinity In natural exposures the dacite has a very 

Ot Bay. characteristic light pinkish^ray color. It has 

.'Originally this flow probably covered most a tendency to weather into large, boulder-Uke 

etf-^he Globe qua^lntngle and much of the Ray msases, forming characteristically rocky sur- 

quadranglH, butits continuity has been greatiy faces, which, as suggested by Plate XXI, 5, are 

Mdiiccd'by faulting. The maximum thickness difficult of traverse. Many of these looee 

yt'tinknowii, hut existing remnants show that meases are over 6 feet in diameter, and, owing 
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POST-PALEOZOIC ROCKS. 



to differential weathering of glassy lithoidal 
portions of the rock, they show curiously pitted 
exteriors. The origin of the boidders is 
traceable to a rather irregular division of the 
rock into rude cuboidal blocks by systems of 
joints, which may not be visible until brought 
out by initial disintegration. Such joints can 
well be seen in the cliffs along Mineral Creek, 
in the northwest comer of the Ray quad- 
rangle, and at the Sixtysix ranch, in the 
southwest comer of the Globe quadrangle, 
where •various intermediate stages may be ob- 
served between angular joint blocks and 
rounded boidders. As a rule, the weathering 
of the dacite is a very superficial process, 
being confined to the disintegration of exposed 
surfaces. Decomposition has rarely pene- 
trated the rock for more than a fraction of an 
inch. 

The color of the freshly fractm^ed dacite 
(PL XVni, B) is light gray, usually of a de- 
cided pinkish tinge, with small streaks or 
blotches of nearly white material. The rock 
is harsh to the touch and at first glance ap- 
pears to be more porous than it actually is. 
It is firm and tough rather than hard and 
brittle, and being easily quarried and fairly 
durable, it makes a good building stone. 
Owing to the small size of the phenocrysts, 
few of which exceed 3 millimeters in length, 
the porphyritic structure is not conspicuous, 
and the rock has a rather uniform texture. 
Small included fragments of other rocks may 
be locally abundant, and most of these are 
diabase. Such inclusions are particularly nu- 
merous and well exposed in a Uttle gorge, cut 
through the eruptive rock 1^ miles northeast 
of Government Spring, in the Globe quad- 
rangle; but there are few masses of the dacite 
that do not contain some of these fragments. 

Close examination of a fresh sm^ace of the 
dacite shows nimicrous phenocrysts of feldspar, 
many of which have the striated cleavage 
faces of plagioclase, although a few are ap- 
parently orthoclase (sanidinc). Sparkling 
hexagonal scales of biotite, rarely over a milli- 
meter or two in diameter, are scattered 
through the rock, though their number varies 
considerably in different specimens. Pheno- 
crysts of quartz are invariably present but are 
not conspicuous, and oecasionaly small black 
phenocrysts of hornblende can be detected. 
All the phenocrysts are embedded in a dull- 



pinkish semilithoidal matrix, t 
general tint to the rock. 

Under the microscope the pr 
variety of the dacite shows vit 
ture. The phenocrysts of fe] 
and biotite, and a few of hon 
closed in a streaky or ropy sen 
groundmass, showing the bei 
flowage lines characteristic of t 
andesitic and rhyolitic rocks. 

The feldspars, which are prii 
clase, are all more or less roui 
from magmatic corrosion. The 
fresh and clear and range in co 
labradorite (Ab^Anj) to and( 
Zonal structure is common and 
are less calcic than the inner. 

The potassic feldspar is mucl 
than the plagioclase and is the 
variety of orthoclase commo 
sanidine. It has been more sti 
than the plagioclase and prese 
even embayed outlines. It si 
cleavages, optical orientation, i 
tion, and birefringence of orth 
far as observed is not twinned, 
more irregularly cracked than 
and fragments of the broken 
occasionally been displaced by 
the magma. The ratio of thi 
labradorite to the orthoclase 
greater than 10 to 1. 

The quartz presents no feal 
tional interest. It is deeply oth 
titute of all crystal boundaries, i 
Tocks of this type, it is perha 
abimdant than the orthoclase 
ordinate to the plagioclase. 

The biotite is the common 
pleochroic variety, with the sti 
usual in andesitic rocks. Son 
magmatic alteration, which ha 
only the outer surface of the 
whole mass. Tliis altered mica 
its color and pleochroism, the 
frayed out at the ends and split 
whole is filled with specks of opj 
Intergrowths between tlie differ 
are not uncommon and rarely qi: 
ineform micropegmatito. The 
stituonts are a green hornbleni 
small prismatic crystal fra<i;i 
titanite, zircon, and a little jna) 
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quadrangle this tuff has undergone some de- 
composition. With nicols crossed it is seen 
that very little true glass remains, the ground- 
mass having been changed into a veiy minute 
aggr^ate of indefinite and shadowy crystal 
forms. Calcite, which is unknown in the 
massive dacite^ is here abimdant, not only 
throughout the devitrified glassy base but as 
an alteration product of the plagiodase. In 
thip alteration there is none of the general 
clouding and breaking down of the feldspar, as 
is often seen in weathered rocks, but the calcite 
is separated by a sharp boundary from the per- 
fectly clear and fresh pl^ioclase at the expense 
of which it is forming. 

In the Globe quadrangle also some tuffs 
occur below that just described. These as a 
rule are plainly clastic rocks of light-gray or 
pale-yellow tints, varying in lithologic char- 
acter from point to point. The microscope 
shows them to be glassy volcanic ashes, con- 
taining fragments of the same minerals that 
occur as phenocrysts in the dacite, with scat- 
tered particles of diabase or other foreign rock, 
inclosed in a devitrified glassy base. In most 
places they contain abundant calcite. 

AGE. 

There are no available data for fixing the 
exact date of the dacitic eruption. It is known 
to have occurred after the irruption of the 
granitic, monzonitic, and dioritic rocks of the 
region. On the other hand, it clearly preceded 
the deposition of the Gila conglomerate and 
the development of the present topography. 
The dacite is therefore considered as probably 
of Tertiary age. 

QILA CONQLOMESATE. 

The Gila conglomerate as it occurs in the 
Globe quadrangle has been fully described in 
publications on that area.^ GeologicaUy it is 
a deposit of exceptional interest, but in the 
present report, where the aim is to supply in 
this portion simply a geologic setting for the 
description of the copper deposits, the forma- 
tion will be rather briefly treated. A more 
detailed account, with fuUer discussion of the 
significance of the deposit, is planned for the 
forthcoming Ray folio. 



I Bauome,^. L., Geology of the Globe copper district, Ariz.: U. S. 
OmL BurfVj Prof. Paper 12, pp. 47-57, 1903; U. S. Geol. Survey GeoL 
Oldbe foUo (Na 111), pp. 5-6, 1904. 



The Gila is essentially a fluviolacustrine de- 
posit consisting of coarse, imperfectly roimded 
or angular rock detritus near the moxmtains 
but grading into gypsif erous silts in the central 
portions of the larger valleys. 

The general character of the Gila formation 
as it occurs within the Globe quadrangle is that 
of a firm but not hard conglomerate, the ma- 
terial of which ranges in coarseness from boul- 
ders or angular masses 8 or 10 feet in diameter 
to fine sand. As a rule it is roughly stratified, 
but individual beds show little persistence, 
layers of conglomerate passing into sand or 
vice versa. Some of the pebbles are well 
rounded and probably were derived for the 
most part from one of the Paleozoic conglom- 
erates, but most of them are subangular or 
angular, and the formation might in places be 
termed a sedimentary breccia. Lawson* has 
called such material fanglomerate. Although 
the Gila conglomerate has in places been sub- 
jected to considerable deformation and erosion, 
it is obviously in the main a deposit laid down 
in the existing valleys and extends in charac- 
teristic long dissected slopes up the flanks of 
the ranges from which its materials were de- 
rived. A typical slope of this kind is that on the 
northeast versant of the Pinal Range, south of 
Miami, shown in Plate XXII, C-B. 

The Gila conglomerate is well exposed imder- 
groimd on the 420-foot and deeper levels of the 
Miami mine near the No. 4 shaft. Here it 
consists almost exclusively of fragments of 
Schiiltze granite and Pinal schist with varying 
proportional of sandy matrix. The fragments, 
which reach 6 feet in diameter, are subangular, 
and the material as a whole is poorly assorted, 
large boulders in many places lying next to 
layers of cross-bedded silt. The bedding, ex- 
cept in the sand layers, is indistinct, although 
the large schist fragm^ts are generally slabby 
and lie roughly parallel. 

In the Ray quadrangle the Gila conglomerate 
is well developed and plays a more conspicuous 
part in the landscape than in the Globe quad- 
rangle. Dissected slopes of the conglomerate 
in Dripping Spring Valley are shown in Plate 
IV, and nearer views of the material in Plate 
XXII, A and B. In the middle part of this 

* Lawson, A. C, Fanglomerate, a detrital rock at Battle Mountain, 
Nev. (abstract): Oeol. Soc. America Bull., vol. 23, p. 74, 1912; also. The 
petrographio designation of alhivlal-fan formations: Galifornia IJniy. 
Dept. Geology Bull., vol. 7, pp. 325-334, 1913. 
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valley coarse material is in places overlain by 
brown silts and sandy clays, in part pebble 
bearing and containing at least one bed of 
impure diatomaceous earth. These silty beds 
grade both downward and laterally into the 
usual coarse angular detritus. They evidently 
record the former existence of a lake in which 
the finer materials brought down by torrential 
streams from the neighboring mountain sides 
settled quietly to the bottom. Evidence of 
contemporaneous stream channeling is clearly 
shown in some exposures of the conglomerate, 
as may be seen in Plate XXIII. It is not 
always easy to distinguish such contemporane- 
ous stream cutting from later channeling and 
filling accomplished by streams during the 
general dissection of the conglomerate. 

South of Ray, along Mineral Creek, the Gila 
conglomerate is harder than in most other 
parts of the Ray quadrangle and has weathered 
into steep bluffs and picturesque rounded 
towers of which Big Dome (PI. XXIV, B) is a 
good example. The character of this material 
is shown in Plates XXIII, B, and XXV. 
Overlying the dacite north of Ray is a coarse, 
irregularly bedded rubble of dacite, quartzite, 
and limestone fragments, above which lies 
about 200 feet of well-stratified tuffaceous 
beds composed mainly of glassy dacite detritus. 
This material was presumably washed from the 
upper part of the dacite flow beneath it. All 
the conglomerate in this part of the Ray quad- 
rangle contains abxmdant dacite fragments, 
and in places, as near Government Spring or 
Mineral Creek, in the southwest comer of the 
Globe quadrangle, layers of glassy tuffaceous 
detritus are interbedded with the coarse con- 
glomerate. The tuffaceous beds, considered by 
themselves, might be taken as indicative of a 
continuance of dacitic eruptions during the 
accumulation of the Gila conglomerate, but it is 
more accordant with the history of deforma- 
tion in the region to conclude that those erup- 
tions had ceased and that the particles of 
glassy dacite were eroded from the solidified 
lava and swept by streams into depressions 
whore they accumulated, probably in part in 
short-lived lakes. 

Some of the coarsest material noted in the 
Gila conglomerate is on the east fork of Mineral 
Creek, near the northern border of the Ray 
quadrangle. Here one partly rounded mass 



of granitic rock from the Pinal Range measured 
about 7 by 10 by 25 feet and was estimated to 
weigh 300 tons. As a rule, the higher the 
neighboring mountains and the more massive 
and resistant their rocks the larger the frag- 
ments in the Gila conglomerate. 

In the southwestern part of the Ray quad- 
rangle, southwest of Gila River, the Gila 
formation shows a greater thickness of dis- 
tinctly bedded strata than in any other locality 
studied. The general dip is to the east-north- 
east at about 30^, but along the east side of die 
older rocks of the Tortilla Range the dip is in 
places fully 75°. 

The beds are of varied composition. Prob- 
ably the most abimdant material is a brownish- 
gray conglomerate in rather thin beds in which 
the coarse constituents are angular fragments 
of andesite, andesitic porphyries, and limestone. 
Many of these fragments are 2 feet or more in 
diameter, and some of the masses were ob- 
served to lie partly in one bed and partl;f in 
another, as if they had been thrown inde- 
pendently into the acctmoiulating material. 
The matrix of these blocks and imperfectly 
roimded boulders is a poorly washed brown- 
gray sand in which grains of minute size are 
mingled with larger particles and fragments of 
all sizes up to the blocks mentioned. The 
material of the sand is partly granitic and 
partly andesitic. The granitic material prob- 
ably came from the west or south, and the 
andesitic material from the east or southeast. 

The variety of the conglomerate above de- 
scribed is not very different, so far as material 
is concerned, from that east of Gila River in 
the vicinity of Hayden. The conglomehite 
there also contains much andesitic material 
but is not so well bedded as that between 
Branaman station and Hackberry Spring. 

Associated with the prevailing variety of 
sedimentary material between Branaman and 
Hackberry Spring were observed one bed, 
about 1 foot thick, of fine-grained creamy- 
white sandstone, and, a little higher in the 
series, another thin bed of light-gray tuff. The 
sandstone consists chiefly of sharply angular 
particles of quartz with a few minute flakes of 
brown biotite. The tuff xmder the inicro8CX)pe 
shows fragments of pjo'oxene, feldspars of vari- 
ous kinds, biotite, and bits of andesite or basalt, 
in a groimdmass of partly devitrified glass* 
sherds. 
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A. STREAM CHANNEL SCOURED IN SANDY FACIES OF GILA CONGLOMERATE AND HLLED WITH COARSER MATERIAL. 
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POST-PALEOZOIC ROCKS. 



Near Hackbeny Spring (see PL 11) the Gila 
formation consists of well-bedded coarse sand- 
stone, composed almost entirely of partly 
rounded granitic crumbs derived from the 
coarse pre-Cambrian granite- of the Tortilla 
Range. Along the upper, north-south portion 
of Hackberry Wash the Gila is prevailingly 
reddish and sandy and occius in beds for the 
most part about a foot thick. These beds con- 
sist largely of andesitic detritus and contain 
some fragments of andesite as much as 2 feet 
across. A view of these beds as exposed on the 
east side of Hackberry Wash is sho^n in 
Plate XXVI, A. Stratigraphically under them 
and lapping up against the Paleozoic rocks to 
the west (PI. XXVI, B) is fully 100 feet of soft, 
crumbling brownish-gray sandstone and sandy 
shale. There is much faulting in this vicinity, 
and the silty material is probably faulted 
against the older rocks and is not the real base 
of the Gila formation. Where the basal part 
of the formation is exposed, as farther north 
along the east side of the Tortilla Range, it 
consists of coarse fragments of obviously local 
derivation. The brown sand and shale is made 
up principally of mineral particles derived from 
the granite of the range. 

In the extreme southwest comer of the Ray 
quadrangle is a synclinal basin of Gila con- 
glomerate surrounded for the most part by hills 
of pre-Cambrian granite. This basin is drained 
by the intermittent Ripsey Wash, near the 
mouth of which, about 3 miles west of Kelvin, 
the Gila formation may be seen resting on the 
granite. Here the formation consists of light 
pinkLsh-gray tuffaceous-looking beds carrying 
fragments of granite in a matrix composed 
largely of volcanic material, apparently dacitic. 
The beds vary much in thickness, ranging from 
shaly seams to strata measuring over 6 feet. 
Other facies appear farther south. Much of 
the material is a coarse l)reccia, the beds of 
which are thick and rather vaguely laminated. 
Blocks of granite 3 feet in greatest length are 
embedded in coarse granitic sand or in a mat- 
rix of granitic and dacitic debris. In places 
beds of soft sandstone or fine silt separate the 
coarser layers. 

The beds southwest of Gila River are in part 
so different from the Gila conglomerate in other 
parts of the quadrangle and are as a whole so 
much better stratified that my inclination at 
first was to regard them as a distinctly older 



formation, probably having an uncon 
relation to the Gila. No evidence o 
formity, however, could be detected, 
well-bedded material appears to grade 
and laterally into Gila conglomerate 
conmaon variety. Evidently the 1 
which deposition took place in the so 
em part of the Ray quadrangle wa 
tionally deep, and rapidly acciunulatii 
fluviatile material graded at times ii 
sediments laid down in comparati\ 
water. 

The deformation of these beds is cc 
imder ''Structure'' (pp. 75-80). 

The accumulation of the Gila cong! 
is clearly indicative of intensely active 
consequent upon the period of vigor 
ormation that outlined the present m 
and valleys of the region. As a resu 
block faulting and earth movements 
lowed the eruption of the dacite, the n 
ranges were much higher than at pr« 
the larger or structiu*al valleys much 
Consequently the stream grades were s 
the erosive and transporting powers of 
ning water were far greater than they 
in the same region. Possibly the great( 
of the mountaios was accompanied bj 
precipitation than at present, but the 
character of the deposit points to a 
preponderance of mechanical disint 
over rock decay and to an arid rathe 
humid climate. 

The same indication is afforded by tl 
rence of gy]>sum associated with the sil 
of the Gila formation on Salt River 
the area here specially considered, 
famihar with the intensive work occi 
accomplished in a few hours by the fie 
of local storm water along one of the 
streamways there appears to be little i 
to require any great increase in prec 
to account for the deposition of the ( 
glomerate under the conditions of wast 
and grade then prevailing. Some 
there may have been, but not enough 
the conditions of plant growth, rock 
gration, erosion, trans})ortation, and d( 
very different in kind from those of t 

The thickness of the Gila formatio 
greatly from place to place, and j)ro1 
measurement gives the true maximu 
tween Hackberry Spring and Gila Ri 
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Bran am an station a simple computation, based 
on the average dip of 30^ to 35^ and the width 
of outcrop, gives a thickness of 7,500 to 8,500 
feet, say, 8,000 feet. This is on the supposi- 
tion that the beds near the base of the section 
continue northeastward under the beds ex- 
posed near the river and that there has been 
no duplication, by faulting or folding. It is 
quite possible that some of the lower beds are 
of slight areal extent, but any considerable 
duplication could hardly have escaped notice. 
The forgoing estimate does not take account 
of the 3 ^mile belt of Gila conglomerate between 
Branaman station and the Dripping Spring 
Range to the northeast. Near the river there 
is certainly several hundred feet of this con- 
^omerate that is stratigraphically higher than 
the beds southwest of the river. The total 
thickness of these upper deposits and the extent 
to which they are underlain by the more regu- 
larly bedded material exposed southwest of 
them could be determined only by boring. 

In 1910 some borings were made near Hay- 
den with a view to obtaining a water supply 
for the reduction works then building. Drill 
hole No. 1 started at an elevation of 1,950 feet 
above sea level on the flood plain of the Gila, 
went through 80 feet of sand and gravel and 
then throu^ 770 feet of Gila conglomerate, 
in which it was abandoned. Drill hole No. 2, 
which was started at an elevation of 2,097 
feet in the gulch near the power house, pene- 
trated 920 feet into the conglomerate and was 
abandoned in that formation. No. 4 shaft of 
the Miami mine is 710 feet deep, all in Gila 
conglomerate. 

In 1915 a chum-drill hole 20 inches in di- 
ameter was begun by the Miami Copper Co. 
about 1,600 feet east-southeast of No. 4 shaft. 
It was intended to drill through the conglom- 
erate in order to explore the underlying schist, 
which was estimated to lie at a depth of about 
2,300 feet. The hole attained a depth of 
2,050 feet, all in conglomerate, and then had 
to be abandoned, in October, 1916. The con- 
glomerate apparently is of the same general 
character from top to bottom of the hole. 
Probably the driU would have penetrated 
dacite before reaching the schist. 

About a mile southeast of the A shaft of the 
Old Domimion mine a drill hole in 1915 went 
through 1 ,000 feet of Gila conglomerate, which 
Was ascertained at this place to be imderlain 



by quartz diorite (Madera diorite), possibly 
overthrust material. (See p. 77.) 

No identifiable fossil remains were found in 
the Gila conglomerate of the Globe-Ray area 
in the course of the investigations upon which 
this report is based. A few small crumbling 
particles of bone, however, noted near the 
head of Dripping Spring Valley, show that the 
deposit is not wholly devoid of animal remains. 
The formation has generally been regarded as 
probably of early Quaternary age. Hie pres- 
ent investigation has brought out no evidence 
requiring a revision of this supposition, unless 
the great thickness and deformation of the 
beds southwest of Gila River are considered 
as incompatible with assignment to the young- 
est of the geologic periods. In 1906 Dr. 
T. Shields Collins, of Globe, forwarded to the 
Survey a fossil bone said to have come from 
the Gila conglomerate near that town. J. W. 
Gidley, of the National Museum, to whom it 
was referred for determination, reported that 
it is the distal half of the right humerus of an 
extinct species of horse, probably Eqtms compli- 
caivSf and is indicative of Pleistocene age. 

BASALT. 

During the deposition of the Gila conglom- 
erate there were minor outpourings of basalt. 
The largest body of this rock, a flow from 50 
to 150 feet thick, in an area of conglomerate 
about 5 miles west of Miami, near the western 
border of the Globe quadrangle, has been fully 
described in the Globe folio. 



Detrital accumulations younger than the 
Gila formation and probably referable to the 
later part of Quaternary time include certain 
sheets of unconsolidated or only partly con- 
solidated rock waste that have been consider- 
ably dissected by the present intermittent 
streams and now form sloping terraces or low 
flat-topped ridges. These are particularly well 
developed in the neighborhood of Ray and are 
well shown on the geologic map of Ray and 
vicinity (PI. XLV). Some rather small rem- 
nants of these terraces are shown in Plate 
XXVII, A. More extensive ones may be 
seen north of Sharkey Gulch, west of Mhieral 
Creek. The material forming the tops of 
these terraces has been derived from the 
adjacent hill slopes and merges with the 
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ordiQaiy stony detritus of those slopes. It 
represents a series of low-angle confluent 
alluvial fans formed during a halt in the dis- 
section of the Gila conglomerate. Terraces 
along Mineral Creek south of Ray (see PI. 
XXVII, B)f on one of which the village of 
Kelvin is situated , and similar benches and 
mesas in the Gila conglomerate areas of the 
Gila and Dripping Spring valleys mark the 
same and perhaps other steps in the develop- 
ment of Uie present topography. As these 
terraceB originally had wide ranges of slope 
and altitude, their close correlation ])v reference 
to sea level is impossible. 

Lower and younger than the terraces are 
the flood-pHh deposits of the Gila and its 
principal tributaries. Along the river there 
are considerable areas of excellent agricultural 
land, but the teniu-e of this is uncertain , menace 
from flood being always imminent. Inunda^ 
tiona such as have deposit^ the silt are no 
respecters of hinnan occupancy and may de- 
stroy in a few hours the labor of years. Near 
llayden large areas of ranch land have been 
utilized by the Ray Consolidated Copper Co. 
as a dumping ground for mill tailings. 

In connection witli recent deposits mention 
may be made of local conglomerates cemented 
by copper silicate and carbonates that occur 
along some of the streamwaj^s where they 
pass through areas of copper-bearing rocks. 
These occur at various elevations up to 50 feet 
or perhaps more a])ove the present arroyo 
bottoms. They are stream gravels cemented 
by the action of cupriferous water that seeps 
slowly from the adjacent rock, and tlie process 
has probably continued up to tlie present time. 
These copper-bearing conglomerates may bo 
seen in Copper Canyon, and with the vivid 
stains on the cliffs probably suggested tlie 
name of that ravine. 

STRUCTURE. 

GENERAL FEATURES. 



Some mountains, sucli as the Appalachians, 
stand in reUef because the neigliboring valleys, 
wdth which they are in contrast, liave been 
?arvod by erosion below a surfact* once broadly 
coincident with the present ridge crests. 
Dtliers, such as those in southwestern Idaho 
ind southeastern Orej'on, wliich Jiussell * has 



* RusseU, I. C., Notes on t ho in^f)lo7y of sout hwostf m Idaho and south- 
asKm Oregon: U. P. <;ool. Survey Hull. 217,'t>i). 13-17, V.m. 



described, owe their prominence to direct uj 
relative to the valley floors, and their foi 
have been modified only very slightly by r 
ning water. Still others, like Moimt Shasti 
Califomia, are mountains of volcanic accm 
lation, piled above an older surface, 
actuality few if any mountains belong ex< 
sively to one of the three ideal types. M 
exhibit some erosional modification, and 
regards many of them it is difficult or imp 
sible to decide whether deformation or eros 
has had the larger share in their developme 

As shown in the general description of 
topography, the Ray-Miami region is ch 
acterized by ranges trending nearly northwc 
separated by detritus-laden valleys. T 
larger differentiation of the surface into rid 
and troughs or moimtains and valleys is a dir 
result of earth movements. The ranges 
essentially tectonic features. Erosion, h( 
ever, has profoimdly modified their primit 
form, and all those details that attract the < 
and are retained b}^ the mind as pictures of 
highland landscape are the work chiefly 
streams, for the most part intermittent in tt 
activity. So far as concerns the main vail 
erosion has been merely incidental to the 
tensive accumulation of rock waste wasl 
from the neighboring momitain slopes or ] 
been limited to the dissection of tlie mate] 
thus laid down. The depressions as a wh 
represent actinil deformation of the lit 
sphere, not a mere carvnng of its surface. 

In a final analysis deformation of ro( 
imder stress takes place by fracture or flowa 
or by some combination of the two process 
In a broader structural sense and with( 
present consideration of that kind of flowj 
which is associated with the development 
schistosity or with general recrystallizati 
rocks may be deformed by foldmg or by fax 
ing. In most regions both of these kinds 
major deformation are exemplified and 
character of the resultant struct^ire depei 
upon the relative share of each. In the Ri 
Miami region folding has played practically 
part in the development of post-Cambr 
structure. Faults, on the other hand, are 
traordinarily numerous, and the characteris 
structural imit is the tilted fault block. Si 
folding as has been observed in this ren:ioi] 
apparent chiefly in the limeston(»s and nowh 
indicates strong compression, the resulting d 
rarely exceeding 25°. It is exemplified g 
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erally by a slight sagging or arching of the 
strata in some fault block. Where the Gila 
flows across the Tornado limestone in the 
southeast comer of the Ray quadrangle the 
beds form a gently arching anticline with 
northwesterly axis, exposed for a width of 1} 
miles along the river. The dip is nearly hori- 
zontal on the southwest flank, where the lime- 
stone passes beneath the Gila conglomerate, 
and about 30° on the northeast flank, where 
cut by the river section. Many gentle minor 
folds are associated with the main anticline. 

Although faulting has been the dominant 
mode of deformation in the region, the moun- 
tains, as will presently be diown, are not 
merely uptilted blocks of the simple Great 
Basin range type, nor is the evidence for their 
tectonic origin of the obvious ocular sort that 
is immediately convincing. Before it is con- 
sidered the character of the faults in general 
will be briefly described and the structure of 
each range will be sketched in outline. 

FAULTS. 

Nomenclature of faults. — ^As there has been 
wide diversity in the use of terms used in de- 
scriptions of faulting, clearness can be attained 
only by an initial explanation of the nomen- 
clature to be followed in this report. All 
terms relating to faulting will be here used as 
recommended or defined by the committee on 
tho nomenclature of faults of the Geological 
Society of America.* The application of some 
of the more important of these terms is illus- 
trated in figure 3. 

Evidence of faulting. — ^In many regions the 
presence of faults is inferred as the most reason- 
able way of explaining certain observed struc- 
tural relations. In the Ray-Miami region the 
evidence as a rule is of a more direct character. 
The very topography of the Dripping Spring 
Range, for example, as stated on page 28, is 
indicative of intricate faidting. A distant 
view of the. range suggests neither the sim- 
plicity of a single homoclinal block ' nor the 
linear elements of form that we have learned 
to associate with momitains of folded strata. 
A view from any high point over parts of this 
range or over much of the Globe quadrangle 

t OmI. Boo. America Bull., vol. 24, pp. 1(0-1H6, 1913. 

* A bomoclliie is a block of bedded rocks all dipping in the same dlreo- 
tfan. Am Daly, R. A., A geological reconnaissance between Golden 
mA Kamloopfl, I). C, along the Canadian I'adflc Railway: Canada 
« thuwf Mem. M, p. &3, 1915. 



is equally suggestive of dislocation. The 
Globe report* contains the following para- 
graph: 

If ono will stand upon the top of Webster Mountain and 
look northward or eastward over the confusedly hilly 
country spread out before him, he wiU be struck with the 
apparently chaotic distribution of the various rocks, as 
indicated by their respective and characteristic tints in th3 
landscape. Here and there patches of limestone gleam 
white through the thin screen of scanty vegetation, while 
areas of quartzite are indicated by a reddish color, and 
masses of diabase by a dull olive tint. The beds show no 
trace of folding, and the eye seeks in vain for any persistent 
or regular structure that may account for this rocky patch- 
work. * * * In traversing this faulted region one 
steps with bewildering frequency from quartzite to lime- 
stone, granite, or diabase, the line of tearation being 
often clearly defined by a fault brecciajKrming a bold 
outcrop that may be followed over the country for miles. 
Probably few equal areas of the earth's surface have been 
so thoroughly dislocated by an irregular network of normal 
faults and at the same time exhibit so clearly the details 
of the fracturing. 




Figure 3.— Diagram illustrating terms used In descriliing faults. The 
upper and lower surlbces of the block are horlsontal; the end faces 
are vertical and at right angles to the fault strike, a, 6, e, and d lie 
in the fault plane; e, /, and k in the end face. Let the pioint ortginaUj 
adjacent to a more to b; then ofr— slip or net slip; eb— dip slip; oe— 
strike slip; M— perpendicular slip; oi— trace slip; /ft^throw; ek" 
heave. 

When tho foregoing was written the Dripping 
Spring Range in the Ray quadrangle had not 
been geologically mapped and studied. It dis- 
pla3rs perhaps still better than any equally 
large area in the Globe quadrangle the fine- 
textured fault mosaic characteristic of the 
region. 

Indurated, boldly outcropping fault breccias 
mark tho courses of many faults, particularly 
those that traverse quartzite or have quartzite 
in one wall. This brittle but weather-resisting 
n)ck is the great breccia maker. Even those 
faults that, at tho surface, pass through other 
rocks than quartzite, may have quartzitic 

» U. 8. Geol. Survey Prof. Paper 12, pp. 97-88, 1908. 
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breccias, the fragments having been derived 
from some place along the break where the 
fissure passes through or beside that rock. A 
number of illustrations of fault breccias were 
published in the Globe report. Additional 
views of fault outcrops in the Ray quadrangle 
are given in Plate XXVIII. 

DiatribiUian. — ^The faults are not evenly dis- 
kibuted over the region here described. They 
are particularly numerous in the northern part 
of the Globe quadrangle and in the Dripping 
Spring Kange but are comparatively rare 
or at least inconspicuous in the main mass of the 
Pinal Range and in the Mescal Range. These 
differences will be more fully brought out in 
desoribing the structure of each range. 

Directions of faulting. — ^The geologist after 
mapping the faults in a region studies their 
directions and tries to determine whether they 
can be classified into groups, each group char- 
acterized by a certain trend or strike. By this 
means he hopes to get some clue to the relative 
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FiouKE 4. — Diagram illustrating thrust of Madera dlorlte (pre- j 
Cambrian) over dacite (Tertiary) near the Old Domimon mine. 

ages of the faults and to the character of the 
stresses that produced them. Without regard 
to any possible major fault that may be con- 
cealed by the GUa conglomerate, there appar- 
ently is no significant preponderance of faults 
having one direction of trend over those running 
in other directions. Here and there in the 
Say-Miami region some of the principal faults 
are nearly parallel, but the cUrection of parallel- 
ism at one locality differs from that in another. 
For example, in the vicinity of Tornado and 
Tam o' Shanter peaks, in the Dripping Spring 
Range, the more persistent faults strike about 
N. 12*^ W., but at the north end of the same 
range the locally prominent fissures strike 
nearly N. 35° E. 

Apparently no general and significant group- 
ing of the faults in the Ray-Miami region on 
the basis of common trends is possible. It 
follows that if tlie faults are of distinctly clif- 
ferent ages, discrimination must be based 



on other criteria than that of difference in 
strike. 

Dip. — Of the many faults that have been 
mapped in the course of the detailed geologic 
work on the Globe and Ray quadrangles, com- 
paratively few are so exposed as to permit a 
measurement of the dip of the fault fissure. 
As a rule the dips are high, mostly over 45®, 
and probably averaging about 70®. 

Kind of movement. — ^Tho result of the move- 
ment has generally been what is termed a 
normal fault. To what extent the sUpping has 
been up or down the dip (dip slip) or horizontal 
(strike slip) is rarely determinable: 

In a few places the displacement is of the 
reverse or overthrust type. One such fault 
near the Old Dominion mine, near Globe, has 
been described in another paper.^ Here a mass 
of shattered Madera diorite (pre-Cambrian) has 
been thrust from the southwest over dacite 
(Tertiary) up a plane of 37®. Only the thin 
edge of the upthrust block is now in part 
exposed, the greater part of the mass being 
buried under the Gila conglomerate, which was 
deposited after the faulting. The general 
relations are shown diagrammatically in sec- 
tion in figm^e 4. 

Another reverse fault is recognizable on the 
west bank of Mineral Creek, about a mile below 
the town of Ray. The relations here are 
shown in Plate XXVIII, B\ the Pinal schist on 
the right or west has been tlirust up over the 
smooth footwall of Drippuig Spring quartzite 
on the left or east. The dip of this footwall is 
about 45® W. The throw must be at least 150 
feet, for the Pioneer shale has been cut out. 

In Elder Gulch, 3 miles northeast of Kelvin, 
the Tornado limestone rests on pre-Cambrian 
granite, and the contact dips west at 15® or 
less. The limestone is disturbed and fissured. 
Although the younger rock here rests upon the 
older, it does not appear probable that normal 
slipping coidd take place on so low a slope, and 
the dislocation is supposedly due to tlu*usting. 
On the northwest the fault ends against an 
intrusive mass of quartz diorite, and about a 
third of a mUe away on the southeast it ends 
against another fault that is apparently of 
normal type, with downthrow to the east. 

Running north from the east side of Tam 
o' Shanter Peak in the Dripping Spring Range 
is the outcrop of a fault that appears to record 

1 Ransome, F. L., Geology at Globe, Ariz.: Min. and Sci. Press, Feb. 
12, 1910, p. 257. 
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a thrust of the rocks west of it toward the 
north and east. The dip of the fault ranges 
along the strike from 20'' to 45''. North of the 
peak the effect of the fault has heen to cause 
the Troy quartzite to override the Dripping 
Spring quartzite, the diabase, and perhaps also 
the Mescal limestone, which does not appear 
at the surface. The front of the overthrust 
mass as seen from Dripping Spring Valley 
forms a rough scarplike outcrop, shown near 
at hand in Plate XXIX, A. A notable feature 
of this scarp is the imusual quantity of quartz- 
ite debris, much of it in huge blocks, that 
litters the slope in front of it. Evidently this 
material is residual and has been left by the 
erosional retreat of the edge of a flat-lying over- 
thrust mass. The material is too abundant to 
have been derived from the upthrown side of 
a steep fault scarp. Close inspection of the 
cliflF shows that the Troy quartzite is greatly 
shattered and jointed (PI. XXIX, J?), and at a 
few places along the base of the cliff are 
exposed overhanging irregular billowy sur- 
faces of movement. The mass appears to be 
roughly spoon-shaped and to have been thrust 
forward to the northeast in the direction of its 

tip. 

The overthrust faults have been described in 
some detail, not because they are important 
structural features, but rather because they 
are exceptional and are of interest in their con- 
nection with deformation so preponderantly of 
another type. 

The part played by thrust faulting in any 
region is likely to be obscure, for unless the 
thrust plane crops out distinctly the existence 
of the fault may entirely escape notice. Even 
if the presence of a fault is known, its struc- 
tural importance can not always be estimated. 

Minor thrust faults are to be expected in a 
region of normal faulting, for as the blocks 
wedge together local thrusts are exerted and 
part of one block may be shoved over another. 
There is apparently no way of determining 
whether obscure thrust faults, such as that near 
the Old Dominion mine (p. 77 ) which disappears 
westward under the Gila conglomerate, and the 
one in the Live Oak ground (pp. 116-119), 
belong to this group of minor or secondary 
dislocations. 

Such of the faults as are of special interest 
in connection with the ore deposits are de- 



scribed in the sections on the geology of the 
Ray and Miami districts. 

Amount of displacement. — ^The throws of the 
individual faults, exclusive of faults concealed 
by the Gila conglomerate, consideration of 
which is for the present postponed, are not as 
a rule very great. Probably few of them ex- 
ceed 1,000 feet. Along the west slope of the 
Dripping Spring Range one of the most per- 
sistent faults has been traced from Hackberry 
Gulch,^ 2 miles southwest of Troy, nearly to 
Rustler Gulch, north-northeast of Ray, a dis- 
tance of over 5 miles. Half a mile south of 
Rustler Gulch this fault brings Troy quartzite 
on the east against Pinal schist on the west, 
indicating a throw of 876 feet. In Susie D. 
Gulch, southeast of Ray, the same fault brings 
into juxtaposition the lower part of the Tor- 
nado limestone and the Mescal limestone, indi- 
cating a throw of 725 feet or more. 

The same strata are brought together half a 
mile west of Troy Mountain by a nearly north- 
south fault that crosses the Dripping Spring 
Range. A mile north of Troy a nearly east- 
west fault brings the Tornado limestone against 
the Dripping Spring quartzite, a throw of at 
least 975 feet, and in the same locality another 
fault brings the Devonian limestone against 
the Cambrian Pioneer shale, a throw of 1,100 
feet or more. One mile southwest of the 
London-Arizona mine a north-northwesterlv 
fault has dropped the Tornado limestone 
against the basal portion of the Troy quartzite, 
a throw of 725 feet or more. A mile and a 
quarter north of the same mine the Tornado 
limestone in contact "v^dth the Mescal limestone 
shows a throw of at least 725 feet. The exam- 
ples given probably show more than the aver- 
age displacement of those faults in the region 
that are not concealed beneath the Gila con- 
glomerate. 

Relative ages. — The faults clearly are not all 
of one age. Many of them, so far as can be 
determined, do not displace the Gila conglom- 
erate. This appears to be generally true of 
the faults in the Dripping Spring Range. On 
the other hand, certain fault fissures north of 
Ray do out the conglomerate, and some faults 
in the Tortilla Range southwest of Gila River 
also appear to displace it. Many faults dis- 

1 Not the same as Hackberry Wash or Hackberry 8i>riiig, south of 
Kelvin. 
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the dacite, and from the extent of this 
ement it appears probable that a large 
' the faulting in the region is postdacitic. 
3W places, however, fault fissures along 

in the older rocks, there has been con- 
Ae movement apparently pass imder 
without any disturbance of that rock, 
[istances, however, are not numerous. 
^iing and igneous intrusion, — ^To what 
faulting actually preceded the intrusion 
»ase in Mesozoio time and prepared the 
r the great shifting of blocks of strata in 
aid magma is unknown. The character 
e of the contacts of the diabase with the 
ocks suggests, however, that the invasion 

magma was facilitated to some extent 
vious faulting. Be that as it may, it is 
L that at the time of the intrusion the 
particularly those beneath the Troy 
ite, were broken in rather extraordinary 
1 into irregular blocks, and that these, 
nore or less movement in the magma, 
e fixed as huge inclusions in the solidified 
e, as may be well seen in the Mescal 
, in the northeast comer of the Ray 
mgle. 

a number of places dikes of diorite 
^ry have been injected along fault 
s. This is most dearly shown southwest 
►y, where the dikes in part follow fault 
s and in part fissm^s of no apparent 
cement. 
ression in topography. — ^None of the 

so far as known, finds superficial ex- 
>n as a simple unmodified fault scarp, 
scarps such as are shown in Plate XXIX, 
lere and there, but those are due to the 
1 of the softer rock on one side of the 
. The rock which has undergone the 
r erosion may or may not be on the 
hrown side. 

t the steeper faces of some of the ranges 
►e erosionally modified and in part com- 
ault scarps is probable. The extent to 
this may be true will be discussed later, 
r minor drainage lines the faults appear 
sre exercised no direct control, and the 
IS do not as a rule coincide with lines of 
ng. Yet the faulting, by bringing into 
>osition rocks of diverse behavior imder 
n, has ill an indirect and irregular way 
ioned much of the topographic detail, 
linute and unsystematic character of the 



fault dissection is reflected by a correspond- 
ingly irregular and intricate topography. The 
diabase and the granitic rocks are on the whole 
more readily eroded than the sedimentary 
rocks, and had the faulting been of such a 
character as to bring to the surface long belts 
of these rocks, the drainage would undoubtedly 
have shown some tendency to conform to their 
distribution. The existing fault pattern, how- 
ever, is too patchy, too lacking in linear ele- 
ments, and too much like a gigantic terrazzo 
pavement to influence appreciably or per- 
sistently the direction of stream erosion. Be- 
yond the fact that a majority of the fault 
outcrops cross prominent ridges in swales or 
saddles, topography alone gives little clew to 
the course of a fault. 

Cause of the faulting. — ^Whatever the causes 
that led to the extraordinary faulting of the 
Globe-Ray region, they were probably not local 
and are not likely to be clearly understood 
imtil our knowledge of the geology of Arizona 
is much more comprehensive and accurate than 
at present. The outstanding fact is the con- 
trast between the broad, monotonous struc- 
tural features of the Arizona Plateau and the 
jmnble of jostled fault blocks in the country 
here described along its southwest border. The 
faulting is unquestionably connected with the 
forces and movements that differentiated the 
Colorado Plateaus province from the basin and 
range province,* and the question of its origin 
is a broad regional problem. Faulting of the 
kind described appears to be the result of col- 
lapse — of a widespread inability of the deeper 
rocks of the earth's crust to support their load. 
As a whole, however, the mountain region of 
Arizona does not appear to have subsided gen- 
erally with respect to the plateau. Had it done 
so its ranges might be expected to contain a 
large proportion of rocks younger than those 
exposed in the plateau scarp, and conditions 
would resemble somewhat those near El Paso, 
Tex., where, from the precipitous Franklin 
Mountains, composed of Paleozoic and pre- 
Cambrian rocks, the eye may range for him- 
dreds of miles into Mexico, where the only 
rocks visible are Mesozoic or younger. On the 
contrary, the rocks making up the ranges of 
the Arizona r^ion, exclusive of Mesozoic and 
Tertiary igneous rocks, are to a large extent 

1 rrelimlnurf map of the ph3^ographic divisions of the United StateK 
Assoc. Am. Oeographers Annals, vol. 6, pi. 1, 1917. 
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older than those exposed in the bounding cliffs 
of the plateau. North of Payson and about 
75 miles north-northwest of Miami, for example, 
the plateau surface is the Coconino sandstone 
(see PI. XIII, p. 50) and has an elevation, near 
the brink, of about 8,000 feet. The Pinal 
Range attains nearly as great an elevation, but 
its crest is composed of pre-Cambrian rocks. 
In the Pinal Range, therefore, the pre-Cambrian 
rocks appear to have been elevated with respect 
to the same rocks in the plateau. Of course^ 
75 miles is a long distance, even in Arizona, 
and it might not be safe to base a conclusion 
on this one comparison. The inference is in 
accord, however, with what has been observed 
elsewhere and at places much nearer the plateau 
edge, as in the Mazatzal Range and in the 
Sierra Ancha. In fact, the general impression 
gained from fairly extensive reconnaissance 

trips in this part of Arizona is that the pre- 
Cambrian rocks in the range region stand on 
the whole rather higher than in the plateau 
and in places are much higher. If this im- 
pression is correct, then it follows that the 
structural collapse of the range region must 
have been preceded by an uplift in which the 
fundamental crystalline rocks were raised above 
the general level of the corresponding rocks 
under the plateau. 

Not'withstanding the irregular character of 
the diabase intrusion, the prevalence of the sill 
form and the general parallelism of intrusive 
diabase sheets in pre-Cambrian granite with 
those in the overlying Paleozoic sedimentary 
rocks are approaches to regularity that would 
hardly be exi)ected if the rocks at the time of 
intrusion were greatly faulted and if the sedi- 
mentary beds had their ])resent dip. Along 
the northeast base of the Mescal Range, for 
example, there is a fairly regular sheet of dia- 
base in pre-Cambrian granite. This sheet dips 
southwest at about 20°, or approximately at 
the same angle as the dij) of the stratified 
rocks on El Capitan. (See PL II, p. 26.) If 
these beds were nearly horizontal when the 
diabase magma was injected, conditions of 
erjual load might have caused the diabase in 
the granite to follow in places an approxi- 
mately horizontal jJane of intrusion. If, on 
the other hand, the beds were then inclined 20° 
it is diflk'uJt to s(»(» what conditions could have 
induced tlie diabase to cut the structureless 



granite at so nearly the same angle. There 
appears to be a suggestion here that at the 
time the diabase was intruded the beds of the 
Ray-Miami region were nearly horizontal and 
the region itself was structurally a part of what 
is now the plateau. 

Presumably the extensive faulting that fol- 
lowed the eruption of the dacite in Tertiary 
time was coincident with part of the structural 
separation between the plateau and range 
r^ions. Whether it initiated this differentia- 
tion or merely accentuated a distinction that 
had already appeared is not known. 

THE MOXTNTAIN SANQSS. 

ApacJie Mountains. — ^About 4 miles north- 
east of the area shown on Plate 11 are the 
Apache Mountains. These have the usud 
northwesterly trend of the ranges of the region, 
and their line is continued northwest of Salt 
River by the Sierra Ancha. Both ranges are 
structm-ally homochnes, with dip to the north- 
east, and are composed chiefly of Cambrian 
rocks with intrusive sheets of diabase and 
diorite porphyry. Between the Apache Moun- 
tains and Globe are the relatively low Globe 
Ilills, which are shown in part on Plate IE. 
These consist of Paleozoic and pre^ambrian 
rocks ranging from coarse Archean granite at 
the base to the Tornado limestone at the top. 
The sedimentary rocks have been invaded by 
a huge irregular sill of diabase, and all the 
rocks, including some overhang dacite, hava 
been displaced by niunerous faults. 

Pijml Range, — The Pinal Range, southwest 
of the Globe Ilills and separated from them by^ 
the area of Gila conglomerate traversed b5^ 
Pinal Creek, is divisible into tliree portions that- ^ 
superficially at least, present different tecr- 
tonic features. The high middle portion cz^f 
the range and some of the lower ground to tl":m^e 
northwest consist of the Pinal schist intr^i 
cately intruded by the Madera diorite (quar^te 
mica diorite) and other granitic rocks. Tl:^e 
quartz diorite in some localities is crowded wL -tii 
inclusions of schist, and the schist in placea is 
cut by countless small offshoots from the m^vfij 
intrusive mass. This pre-Cambrian compleA', 
within the area over which it is now exposed, 
together with the younger intrusive masses o/ 
Schultze granite, Willow Spring granite, and 
Lost Gulch monzonite, appears to have be- 
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haTod subetantially as a unit in the poet- 
Cambrian movements to which the region has 
been subjected. 

North of this division is a part of the range 
that, as rather inadequately shown on the 
small scale of Plate 11, is elaborately dissected 
by faiiltSy so that rocks of very different ages 
from pre-Cambrian granite to Tertiary dacite 
are brought into juxtaposition in different 
blocks. The result is a fine-textured fault 
mosaic such as is very characteristic of the 
region and is especially well illustrated in the 
Dripping Spring Range, presently to be de- 
scribed. 

Overlapping the middle massive section of 
the Pinal Range on the southwest and extend- 
ing southeastward toward Gila River is the 
third division, sometimes distinguished by a 
separate name — the Mescal Range. This, as 
may readily be seen from the cross sections of 
Plate XXX and from Plate III, is a homo- 
cline with dip of 20° to 25® southwesterly. 
The rocks involved range from pre-Cambrian 
granitic rocks exposed along tiie northeast 
base of the moim tains to the Tornado limestone 
lapping up on their southwest slope. Into 
these rocks, especially into the quartzites, shale, 
and limestone of the Apache group, has been 
intruded in intricate fashion a branching sheet 
of diabase, within which arc included manv 
isolated blocks of the invaded strata. 

EH Capitan, the culminating simmiit of the 
Mescal Range in the Ray quadrangle, presents 
to the northeast a bold scarplike face (Pis. Ill 
and XXX), in wliich the edges of the south- 
westward-dipping beds are exposed. Part of 
the lowland which this peak overlooks to the 
north is occupied by some of the same rocks of 
which the main ridge of the Mescal Range is 
composed, and, like the beds in that ridge 
these also dip to the southwest. On the north- 
west they are faulted down against the schist 
and Madera diorite of the main Pinal mass. 
(See Pis. II and XXX.) In all probabihty 
another fault, concealed by the Gila conglomer- 
ate, boimds them on the southwest and ac- 
counts for their present position with reference 
to the strata of Kl Capitan. 

The second and third divisions of the Pinal 
Range may be considered broadly as a single 
structural unit, a homoclinal block. 

Dripping Spring Range, — Southwest of the 
Pinal and Mescal ranges and separated from 
103866°— 19 6 



them by Dripping Spring or Disc 
Valley is the Dripping Spring R 
range, the structure of which is 
generalized on the small scale c 
is a remarkable example of a fc 
The fault fissures intersect in all di 
form an intricate network. Altho 
parts of the range it is possible 
the predominance of faults trend: 
one general direction, the fault nei 
does not appear to be susceptible 
into groups of fissures classified c 
of direction or age. 

In consequence of the general 
exposures and the readiness with 
rule, the different formations ma 
nized by one familiar with their li 
major faults are not difficult to del 
generally be traced for considerabl 
usually to the point where the 
fissure passes into rocks of one 
another fault, or disappears benec 
conglomerate. 

The detailed geologic map o 
quadrangle, not yet published, sh 
broad structural featxires more c 
the smaller-scale generahzed map 
The part of the range lying east o 
north-south zone of faulting that 
east of Tam o' Shanter Peak shov 
progression from younger rocks ii 
to older rooks in the north. In otl 
the irregularities due to minor fau' 
regarded, this part of the range is a 
block with general dip to the 
similar progression and structure i 
the section of the range lying I. 
Tam o' Shanter Peak fault zone a 
extending northward past Steaml 
tain to the Dripping Spring ram 
south end of this shattered block 
taoeous andesito overlapping the Ci 
limestone; at the north end is th 
Pioneer shale. 

Between the fault zone last mei 
the strong north-south fault that 
a mile west of Troy Mountain is 
of the range that contains th 
granodiorite mass of Troy. This se 
some tendency toward the same 
dipping homoclinal structure, but 
larity of the minor faulting and do 
the structural effects of the < 
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intniaion almost oompletely mask this sag- 
gestion of imiformitj. 

From Hackberry Gulch, 2 miles southwest of 
Troy, two conspicuous faults diverge north- 
ward. One is the fault already referred to as 
passing half a mile west of Troy Moimtain. 
The other runs northwestward, passing about 
three-quarters of a mile east of Ray. Between 
these faults and stretching beyond their 
known extent to the north is a section of the 
range that shows the same stratigraphio 
descent from the Tornado limestone at its 
southern tip to the Pinal schist and Pioneer 
shale on the north. North of Scott Moimtain, 
however, the intrusion of diabase and the 
mmierous minor faults have introduced much 
structural irregularity. 

West of the block just described is a com- 
paratively small section of the range in the 



in the order just given is not known and per- 
haps can never be ascertained. 

ToriiUa Range, — ^That part of the Tortilla 
Range within the Ray quadrangle presents 
a rather striking difference in structure from 
the ranges just described. It is in the main a 
ridge of pre-Cambrian granite cut by various 
intrusive rocks. At its north end near Ray, 
where it coalesces with the Dripping Spring 
Range, it is composed largely of Pinal schist. 
In the southern part of the Ray quadrangle the 
granite is flanked on the east by the same 
Paleozoic beds that are f otmd in the Dripping 
Spring and Mescal ranges, but in the Tortilla 
Range these beds have dips of 80^ to 90^ and 
consequently appear on the geologic map as 
inconspicuous narrow bands. These steeply 
upturned beds are considerably faulted, and 
at least a part of the faulting appears to 
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Figure 5.— Diagram Illustrating structure of the I'inal Range. Horizontal an«i vertical scales the same. 



vicinity of Hay which has been uplifted 
relatively to the block east of it some 800 to 
900 feet. 

About 4 mUes north of Ray a north-north- 
east fault drops the dacite on the northwest 
against the older rocks on the southeast. 

If a simple homoclinal range, tilted, like the 
Mescal Range, to the southwest, were cut into 
sections by north-south faults, each section 
l)eing displaced so as to be from 500 to 1,000 
feet lower than its neighbor to the southeast, 
and if, further, eacli section were cut by numer- 
ous minor faults into a correspondingly numer- 
ous sot of small blocks which mulerwent con- 
siderable j()st]in<2: and movement before they 
came to rest, the rcsTiltin*j; structure would be 
approximately that of the Dripping Spring 
Range. Whether tlic movements took place 



have taken place after the deposition of the 
Gila conglomerate. The conglomerate itself is 
sharply upturned along the mountain flank, 
with dips as high as 60^. 

EVIDENCE THAT THE VALLEYS ABE TBCTOmC- 




As appears in the section across the Pin 
Range in Plate XXX, the strata on the south 
west side of the main pre-Cambrian mass di 
regularly to the southwest at 20° to 25°. Wlie 
these strata are projected upward, as ind 
cated in the accompanying diagram (fig. 5), 
the same general dip, with allowance for 
fault or intrusion displacement at A, it will 
seen that the base of the Pioneer shale, if e:^c- 
tended to B, would be about 3,400 feet aho^^o 
the summit of Pinal Peak and the base of the 
Tornado limestone would be about 7,400 feet 
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above the same summit. In terms of elevation 
above sea level the base of the Cambrian would 
stand at 11,250 feet, where the Pinal Range 
is now. About 10 miles north-northeast of 
Pinal Peak and jiist northeast of the town of 
Globe, in the Globe Hills, these same Paleozoic 
rocks appear at altitudes of less than 5,000 feet. 
Without question these beds were once con- 
tinuous with those that lap up on the south- 
west flank of the Pinal Range. 

Two hypotheses readily suggest themselves 
m explanation of the present relation of the 
beds on the opposite sides of the range. It 
may be supposed that they swept over the 
crystalline rocks in a great arch, as indicated 
in figure 5; or it may be supposed that they 
continued upward, past the present crest of 
the range, at approximately the same dip of 
20® to 25*^, and that on the northeast they were 
cut oflf and dropped by a profound fault, a sup- 
position also illustrated diagrammatically in 
figure 5. In either case, if the full movement 
indicated, either of folding or of faulting, took 
place at one time, before erosion could make 
much impression on the uplift, a range of 
enormous height must have resulted. In all 
probability, however, the range never had any 
such altitude as the diagram shows, but was 
worn down by erosion during a long period of 
slow uplift. 

There is nothing inherently improbable in 
the explanation of the present relations by 
former folding, but this hypothesis has to be 
considered with reference to other tectonic fea- 
tures of the region. Wherever the structure is 
exposed to view one of the most notable of 
such features, as has already been shown, is 
the practical absence of folding and the extraor- 
dinary abimdance of faults. On all sides of 
the main Pinal mass of crystalUne rocks faults 
abotmd and folds are absent. If the part of 
the Pinal Range shown in section in Plate XXX 
is an eroded anticline, then it is a remarkable 
exception to the general structure of the region. 
It might be urged that the intricate faulting so 
characteristic of the Globe and Ray quad- 
rangles is the result of the collapse of just such 
folds as the one here suggested. If so, the un- 
covered crystalline rocks of the Pinal Range 
should show a multitude of intersecting fault 
fissures, whereas in fact they appear to be 
unusually free from them. 



The second hypothesis, that the.^jpresent 
structural relation between the becb^,pn oppo- 
site sides of the Pinal Range is tlie result of 
faulting, appears to be more in accord with 
what is known of the general structure, not only 
of the Globe-Ray region but of a more exten- 
sive area of which the two quadrangljas men- 
tioned are merely a part. It may well be 
doubted, however, whether the displacement 
was effected by a single great fault such as is 
indicated in the diagram of figure 5. In all 
probability an area of complex faulting under- 
Ues the Gila conglomerate of the valley adja- 
cent to Glpbe, and the great total dLsplace- 
ment, a throw of over 5 miles, was accom- 
plished by slipping along many fractures dis- 
tributed over a considerable period of time 
during which erosion actively attacked the 
mass on the upthrow side of the fault zone. 

Similar reasoning to that just employed ap- 
phes also to the relation between the beds in 
the Mescal Range and the continuations of 
these same beds in the Dripping Spring Range. 
The southwest versant of the Mescal Range is 
virtually a dip slope, the Tornado limestone 
disappearing under the Gila conglomerate with 
a dip of about 20*^. If Dripping Spring Valley 
were a syncUnal trough, the Dripping Spring 
Range should be an anticlinal ridge. The 
range does not have that character, but as 
has been shown on page 81, is a nluch faulted 
homocUne in which the rocks, if they were not 
so thoroughly faulted, would have a similar 
attitude to those in the Mescal homocUne. 

The part of the Tortilla Range within the 
Ray quadrangle is composed chiefly of pre- 
Cambrian granite, and there is little to indicate 
the structural relation of this mass to the ad- 
jacent valleys. The nearly vertical attitude 
of the Paleozoic beds in the southwest comer 
of the quadrangle, the known presence of con- 
siderable faults in the same locaUty, and the 
steep upturning of the Gila conglomerate along 
the eastern flanks of the ridges, are all sugges- 
tive of faulting rather than folding as the kind 
of deformation that brought the range into 
existence. 

In order to establish the truth of the state- 
ment that the moxmtain ranges and principal 
valleys are tectonic features it is necessary, of 
coxu^e, to prove not only that the moimtains 
owe their structural features mainly to fault- 
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but that the general effect of dislocation 
bfts been the deration of the mountain tracts 
rdativelT to the valley tracts. This to some 
extent hms been shown to be probably true for 
the nnal Hange, There remains for considera- 
tion, however, the question, How far can the 
valleys be accounted for by erosion on the 
sopposition that they are not due to deforma- 
tion i In other words, Can the tectonic hy- 
pothesis be established by the elimination of 
its only alternative ? 

If after the region was affected by the last 
geDtfal deformation the land in the areas now 
coiTeq>onding to the valleys were as high as or 
higgler than the land in the areas now corre- 
sponding to the mountains and if the valleys 
had been cut out by erosion, then obviously the 
vallevs should show an intimate and charac- 
teristic relation either to the present drainage 
plan or to some older drainage plan. It is not 
enough that they should be occupied by streams 
or by intermittent watercourses. That would 
follow, no mater what the origin of the valleys. 
But, with all due regard for differences in the 
resistance of various rocks to erosion, the 
valleys, if they were the work of running water, 
ifhould be roughly proportional in size to the 
occupying streams and should show the adjust- 
»ient of shape, width, and depth to the different 
m^:iiofis of the stream that is characteristic of a 
fluvial valley. To pursue this branch of 
i/ir|uiry thoroughly would require the study of 
a much larger area than that now under con- 
«f/leration, but observation, so far as it has 
f^OTie, shows that the streams or arroyos are not 
ill d^iHc adjustment to the valleys. The Gila, 
UfT example, as shown on page 28, breaks across 
tlof ranges from one valley to another. Its 
prtumni (^urse must have been determined 
wtteth the valleys not only were in existence 
I/fit were more deeply filled with detritus than 
tliify arc now. Tlie valley in which the town 
//f ^ilot>e lies appears nmch too largo to bo the 
w^/fk of IMnal (l!roek and its tributaries, ami has 
hoi tlii5 shape that miglit ])o expected wore it of 
^mioitfil origin. Dripping Spring Valley also 
a(/f/4;arH Unt large for the iniennittont streams 
hy w\tirU it iH (Irained. 

'n$ti vfilleyH iini now occupied hy the Gila 
0^rttpilnini*.inU*, tiutl niUHt therefore luive been 
Uffini^A iHffon; \\\i*. congloniorato was deposited. 
71fiiH rofi/'iiiriion, on the supposition that the 
yalliryn tin*, frfmioniii fciitun>s, would require 



a period of intense deuMation in pre-6ila time, 
during which not ontjr'were the valleys exca- 
vated, but the neighboring mountains were 
correspondingly worn down. Moreover, the 
detritus resulting from all this erosion must 
have been swept completely out of the region, 
for clearly the excavation of the valleys and the 
accumulation within them of a vast deposit of 
gravelly and silty detritus could not go on 
simultaneously. This removal could have 
been affected only by a drainage system 
entirely different from that now existing and 
imder climatic conditions totally unlike those 
that now prevail. The erosional hypothesis is 
confronted, moreover, with the difficulty of 
explaining why, after all this erosion, the 
process of valley filling should have been begun 
and so energetically prosecuted and .how de- 
tritus, so abundant'' and in part so coarse, 
could have been supplied from mountains worn 
down almost to their present heights. 

On the other hand, if the valleys are essen- 
tially structural features their subsequent his- 
tory is readily interpreted. Whether the fault- 
ing that differentiated mountains from valleys 
was sudden or took place by successive small 
slips, the result must have been a pronounced 
steepening of stream grade, an abundant supply 
of d6bris from the uplifted fault blocks, and 
consequently a rapid accumulation of detritus 
in the valleys. These valleys, being tectonic, 
would have no regular gradient from head to 
outlet, but would in all probability be closed 
basins in which the sediment-laden storm 
waters from the mountains would evaporate, or, 
possibly, in some places, form a lake having an 
outlet over some low pass in the valley rim. 
Under such circumstances the Gila formation 
may have accumulated under climatic condi- 
tions very little different from those of to-day. 

GEOLOGIC HISTORY.* 

Long before Cambrian time the Globe-Ray 
rc>gion was part of a sea bottom upon which 
were accumulating fine grits and silts, probably 
derived from granitio rocks. The source of 
those sediments is unknown, and no trace of 
the ancient rooky floor upon which they were 

1 In the preparation of this section the Globe report (U. B. 0«oI. Survey 
Prof. Pai)er 12) has been freely drown upon, much of the material being 
reproduced verbatim. It Is l)elieved that the reader will prefer to have 
the geologic narrative as complete as possible in this place and that 
there is no gaia ia attempting to rephrase those portions of the oldn 
report in which no changes are demanded by later observatioos. 
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laid down is now visible. In the course of 
time sedimentation ceased, and the beds were 
folded and compressed by forces acting in a 
generally northwest-southeast direction; were 
intruded by great masses of quartz mica diorite 
(the Madera diorite) ; and imderwent crystalline 
metamorphism into the Pinal schist. Later 
intrusions of granitic rocks followed, and at the 
end of this period of plutonio eruptive activity 
the region had risen above the sea and become 
motmtainous. A new physiographic cycle was 
thus initiated, but it was probably well under 
way before the constructive processes that have 
just been outlined were concluded. Before the 
rocks attained their final elevation erosion was 
vigorously at work, and upon becoming as- 
cendant it began the actual reduction of the 
mountainous topography, which it carried suc- 
cessively through the various intermediate 
stages of the geographic cycle to the final one 
of the nearly featureless worn-down plain of old 
age — a peneplain. 

So much, in brief, of pre-Cambrian history 
is decipherable from the character, structure, 
and texture of the older rocks. The cycle was 
run, and the beginning of Cambrian time was 
marked by subsidence and a fresh advance of 
the sea over what had so long been dry land. 
The sea as it swept over the land found it lit- 
tered in part with fragments of quartz weath- 
ered out from veins in the schists and granitic, 
rocks, and with smaller j)articlos of feldspar 
and quartz derived from the disintegration of 
the granitic masses. The existence of particles 
of feldspar that liave remained fairh' fresh to the 
present time appears to afford some indication 
that the Cambrian climate was not conducive 
to soU formation or to abundant vegetation. 
These materials were slightly reworked by the 
waves into the Scanlan conglomeratic, the rem- 
nants of wliich are now usually found nesting 
upon the weathered and reddened surface of 
the Madera diorite and the granites, here and 
there separated from th(^ sound nx^k by s(»veral 
feet of pre-Cambrian granitic saprolite (disin- 
tegrated rock in j)lace). The Scanlan con- 
glomerate, or its equivalent, covered the Pinal 
schist as well as the plutonic rocks. It appears 
that the region was submerged too rapidly to j 
permit any considerable rounding of the peb- 
bles by wave action or much transportation 
of material by littoral currents- -processes both 
of which are favored by stability of shore line. 
The lack of suoh evidence of long-continued 
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granitio rocks as are now exposed in the Globe- 
Ray region. On the whole, the evidence, 
though far from condusive, suggests that the 
Barnes conglomerate is a delta deposit, the 
work of streams rather than of waves. 

Succeeding the deposition of the Barnes con- 
glomerate came the accumulation of quartzose 
sands now represented by the Dripping Spring 
quartzite. The thin, somewhat shaly beds near 
the top of this formation show fossil worm casts 
or filled borings) ripple marks, and sun cracks. 
The quartzite was thus, at least in part, laid 
do¥ni in shallow water, and the sandy mud 
was at times exposed to the air and sun. It 
also is tentatively regarded as a delta deposit. 

The thin-bedded impure dolomitic Mescal 
limestone, which overlies the Dripping Spring 
quartzite, marks a decided change in sedi- 
mentation. No fossils have been found in this 
limestone, but it probably is marine and was 
laid down in shallow water. 

The next event in Cambrian time was the 
eruption of a flow of basalt. Although this 
flow, has nowhere been observed to be much 
over 100 feet thick, it onc^ covered an area of 
at least 500 square miles. Whether it spread 
over a sea bottom or was erupted on land is 
not known, but the extent and regularity of 
the flow, taken in connection with its relation 
to the beds below it, show that the surface 
covered by it had undergone little if any 
erosion. 

After the eruption of the basalt, which has 
a vesicular upper surface, began the accumu- 
lation of the sandy and pebbly sediments now 
consolidated as the Troy quartzite. The abun- 
dant layers of pebbles and the conspicuous 
cross-bedding of this quartzite are suggestive 
of a return, during its deposition, to deltaic 
conditions. Tlie upper beds, however, show 
lithologic gradation into the Martin limestone, 
which is considered to be Devonian and is 
unquestionably marine, as sho^n by its fossils. 

Up to the beginning of the deposition of the 
Martin limestone the Paleozoic era had been 
marked by the preponderance of siliceous sedi- 
ments indicative on the whole of shallow water 
or alternating land and water. From that 
point on marine conditions, with apparently 
increasing depth of water, prevailed. 

The geologic record of the region studied is 
silent as regards Ordovician and Silurian time. 
No strata of these ages have been recognized, 



nor, on the other hand, has any unconformity 
been certainly detected between the suppoaed 
Cambrian and the known Devonian, to account 
for their apparent absence. 

Walcott^ long ago called attention to the 
existence of an unconformity between the 
Cambrian and Devonian beds in the Grand 
Canyon and recently L. F. Noble,' as a result 
of detailed stratigraphic studies not yet pub- 
lished, has obtained proof that there is also an 
imconformity between the Devonian Temple 
Butte limestone and the overlying Carbonifer- 
ous (Mississippian) RedwaU limestone. It is 
possible that in spite of the apparently un- 
broken sequence of beds from the base of the 
Cambrian to the Devonian there may be an 
undetected imconformity in the Globe-Ray 
region. Another possibility is suggested by 
the fact that approximately the lower half of 
the Martin limestone and all of the supposed 
Cambrian are imfossiliferous. Consequently 
some part of these unfossiliferous beds may 
prove to be Ordovician or Silurian. In the 
absence of any paleontologic evidence it has 
seemed better to adopt the provisional classi- 
fication employed in this report than to make 
an arbitrary assignment of certain portions of 
the stratigraphic series to the two geologic 
periods that apparently lack representation. 

On the assumption that the beginning of 
deposition of the Martin limestone marked the 
beginning of Devonian time, the lower beds, 
consisting in part of calcareous grits, show a 
passage from shallow water in which terrigenous 
sediments could accumulate to deeper water in 
which limestone was deposited. 

From Devonian time well into the upper 
Carboniferous (Pennsylvanian) the r^on was 
covered by a sea abounding in animal life and 
depositing ^bimdant limestone. No uncon- 
formity has been found in the Tornado lime- 
stone, which carries Mississippian and Penn- 
sylvanian fossils. From time to time during 
the accumidatibn of the limestone there were 
slight incursions oi land-derived sediment, and 
on parts of the sea floor layers of siliceous con- 
glomerates were intercalated in the limestone 
series. The mass of these layers is imimportant, 
but they are significant in showing that this 
part of the Carboniferous sea was probably 

I Waloott, C. D., rre-Carbaniferous strata in the Onnd Canyon of Uw 
Colorado, Ariz.: Am. Jour. Sci., 3d ser., vol. 26, p. 438, 1883. 
> Personal communication. 
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neither very deep nor far distant from a land 
masB. 

The Fennsylvanian limestone is the latest 
Paleozoic deposit of which the region preserves 
any record. If marine conditions continued 
into the Permian the deposits of that period 
must have been whoUy removed before the 
strata were broken up and invaded by diabase. 
Had Permian beds been involved in that 
structural revolution, some renmants of them 
would probably have been preserved in the 
resulting intricate lithologic mosaic. 

There are no available means of determining 
whether or not the region became land and was 
eroded before the diabase intrision. We know 
only that the intrusion with its associated 
faulting occurred after the accumulation of the 
Tornado limestone and has left unmistakable 
record of its structural importance. The re- 
^n was presumably elevated above sea level 
at the end of the Carboniferous and subjected 
to erosion. It was extensively dissected, 
probably in Mesozoic time, by numerous 
faults, which appear to have been normal in 
charactei, to be usually of moderate throw, 
and to have had generally northwest and 
northeast trends. There is ground for sup- 
posing that the crystalline massif of the Pinal 
Mountains escaped much of the intensity of 
this faulting, as it did that of a later period. 
The dislocations were followed or accompanied 
by the intrusion of an enormous quantity of 
molten diabase magma into the rocks of the 
region, particularly into those most cut by tlie 
faults. If present exposures can be taken as 
generally indicative of the original proportions, 
it appears that the intrusive rock fully equaled 
if it did not considerably exceed in volume the 
stratified rocks. As the latter were not fused 
at any point now exposed to observation, it is 
concluded that room for this great addition of 
material was effected by mechanical displace- 
ment. The dominant form taken by the dia- 
base was that of tlie intrusive sheet or siU, and 
had the region been free from faults these siUs 
would probably have been fairly regular, re- 
sembling those occurring in the less faulted 
portions of tlie general region such, for exam- 
ple, as are well exposed in the canyon of Salt 
River just below its junction with Tonto 
Creek or in the Sierra Ancha. As it was, how- 
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eruption, apparently belongs the irruption of 
the quartz diorite, the Schultze granite, the 
granodiorite at Troy, the quartz monzonite 
porphyry of the Ray district, and the related 
granitic monzonite and dioritic porphyries of 
'■ the region. The intrusion of these rocks was 
probably accompanied and followed by faults 
ing and was the immediate caiise of ore depo- . 
sition. 

With the cessation of igneous intrusion, at a 
time which can not be definitely fixed from 
present information but which is provisionally 
considered as coinciding with the earlier or 
middle part of the Tertiary, the region, char- 
acterized by a diversified topography, was 
apparently dry land and undergoing erosion. 
Although the surface was probably less rugged, 
the general conditions as regards climate and 
erosional activity appear to have been not 
gready different from those of the present day. 
As shown by the accumulation of the White- 
tail formation, coarse, ratiier angular detritus 
.was washed down the slopes and deposited in 
■the more open valleys and gulches. It was 
during this period of erosion and waste accu- 
mulation that most of the enrichment of the 
Ray and Miami copper deposits is believed to 
, have taken place. 

Over this uneven siurface, with its hollows 
partiy filled with the Whitetail formation, was 
poured, probably in eariiy or middle Tertiary 
time, an extensive flow of dacitCA The greater 
part of the region here described appears to 
have been covered by this lava, which issued 
from a vent or vents as yet undiscovered. As 
the Whitetail formation in places shows rude 
stratification and the massive dacite in some 
localities is underlain by beds of dacite tuff, it 
is ])robable that the region contained transient 
bodies of water, probably in consequence of 
the disturbance of the drainage by faulting 
before and during the volcanic activity. 

Following closely after the dacite eruption, 
and possibly as a consequence of it, came the 
great faulting to which are chiefly due the 
present structure and less directly the topog- 
raphy, of the region. The character of this 
faulting has been described on pages 76-80. 
By it much of the country, es})ecially the 
Dripping Sj)ring Range, was shattered to an 
extent very imperfectly represented by the 
great number of small fault blocks outlined on 



the small-scale geologic map of Plate II or on 
Plate XLV. 

In the absence of any satisfactory evidence 
for connecting with the recognized geologic 
epochs the events which took place in this dis- 
trict after the Carboniferous period, the post- 
dacitic faulting is rather arbitrarily considered 
as ending the Tertiary. The provisional nature 
of this and other post-Carboniferous correlar- 
tions in this region should not be forgotten. 
They may be considerably modified when the 
present geologic work is supplemented and 
extended by the study of a broader area. The 
divisions recognized appear to be distinct chap- 
ters in the local physical history. They may 
not, however, be inserted at the correct places 
in the larger volume of the geologic story of 
the earth. 

The Quaternary was begun by a vigorous 
erosion of the complex lithologic mosaic result- 
ing from the superposition of the postdacitic 
shattering upon an earlier structiu*e that was 
already complex. Great quantities of coarse, ' 
rocky detritus were washed down the slopes 
and deposited as the Gila formation in valleys 
partiy, at least, of structiu*al origin. It has 
already been shown that the larger conglom- 
erate-filled valleys probably owe their original 
depression to faulting. 

The character of the Gila formation indicates 
that the climatic conditions of the early Qua- 
ternary were not very unlike those of to-day. 
Prevailing aridit}^ and dominance of mechan- 
ical disintegration over rock decay were promi- 
nent features, and the precipitation apparently 
occurred in violent downpours of short dm*ation. 

There has been at least one eruption of 
basalt during the Quaternary period, as shown 
by the flow intercalated in the Gila formation 
south of Gold Gulch, in the northwestern part 
of the Globe quadrangle, and by smaller masses 
in the western part of the same quadrangle. 
The basalt apparently issued from more than 
one smaQ vent, and its j)roscnt distribution is 
not entirely understood. 

The early Quaternary erosion that supplied 
the materials for the Gila formation undoubt- 
edly effected pronounced changes in the toj)og- 
raphy, but it usually is difficult or impossible 
to distinguish between such changes and those 
brought about in late Quaternary time. 
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More or less faulting has continued through- 
out the Quaternary, and these later dislocar 
tions have had a recognizable effect upon the 
structure, as shown by the shapes and distri- 
bution of the areas of Oila conglomerate. 

In late Quaternary time erosion has been 
active over the whole region, reducing the 
mountains and dissecting the Gila conglom- 
erate. In some parts of the region, as near 
Hutton Peak and Needle Mountain, this later 
degradation appears to have been exception- 



ally active and has left fragments of the Gila 
formation, originally a valley deposit, upon 
the sununits of ridges and peaks. Within 
many areas of conglomerate, however, the 
present intermittent streams have merely 
effected an intricate dissection and sculpturing, 
without exposing the base of the formation 
save near its margins. This trenching was 
locally accompanied by the cutting of stream 
terraces, best seen in the Ray district and on 
Bloody Tanks Wash in the Globe quadrangle. 
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At the eastern tip of the bow is the ground of 
the Miami Copper Co.,^ much of which lies 
east of -the area shown in Plate XXXI. 

This company, organized under the laws of 
Delaware, is capitalized at $4,000y000| with 
800,000 shares at $5 par value. It is con- 
trolled by the General Development Co., or, 
as it is commonly expressed, by the '' Lewisohn 
interests." The Miami Copper Co. owns over 
1,000 acres, of which from 200 to 300 acres is 
held as known oi; prospective mining ground, 
the remainder being ranch land for water 
supply and land for storage of tailings. The 
total expenditure in preparation for mining 
and iTiilliTig has been given as $4,157,000.' 
At the end of 1918 the company had produced 
312,003,720 pounds of refined copper and had 
paid dividends amoimting to $19,595,043.75 — 
an achievement that speaks for itself. 

Directly west of the Miami ground is the In- 
spiration group of th6 Inspiration Consolidated 
"Copper Co. The Inspiration Copper Co., or- 
ganized in 1908 under the laws of Maine, was 
capitalized at $10,000,000 with shares of $10 
par value. The company owned the original 
Inspiration group, covering about 546 acres, 
with a ranch on Pinal Creek. Late in 191 1 this 
company, after having acquired the Cordova 
group, which lies south of the Miami group, 
was consolidated wath the Live Oak Copper 
Co., and .soon aften^'ard bought additional 
ground in Webster Gulch for railway and mill- 
ing purposes. The Inspiration Consolidated 
Copper Co., also a Maine corporation, is capi- 
talized at $30,000,000 with 1,500,000 shares of 
the par value $20. As given in the company's 
annual report for 1916, the distribution of these 
shares was as follows: 

Shares. 
Issued and out^tandinjj: 1, 181, 967 

Unissued 318,033 

1,500,000 



I For details of organization, property, equipment, and methods of 
mining, see annual reports of the Miami Copper Co. ; also the follov^ing 
papers: 

Stevens, IT. J., Copper Handbook, 1910-11, pp. 11&»-1162, 1911. 

Channing, J. P., The Miami mill: Min. and Met. Soc. America Dull., 
vol. 4, pp. 86-«8, 1911. 

Tolman, C. J., jr., The Miami-Inpplraf ion ore zones: Min. and 8ci. 
Press, Nov. 13, 1909, pp. W6-658. 

Bowen, H. P., Data on Miami chum drilling: Kng. and Min. Jour., 
vol 07, pp. 902-903, 1914 ; Engineering notes and methods at Miami : 
Idem, VOL 100, pp. 15-17, 1915. 

Soott, D. D., Stoping methods of l^fiami Copper Co. : Am. Inst. Min. 
Eng. Trans., vol. 55, pp. 137-153, 1917. 

Deane, E. 0., The block method of top slicing of the Miami Copper 
Co.: Am. Inst. Min. Eng. Trans., vol. 55, pp. 240-244, 1917. 

> Eng. and Min. Jour., vol. 95, p. 1102, 1913 



West of the Inspiration group on the ore be 
is the Keystone group, 243 acres, former 
owned by the New Keystone Copper Co., c 
ganized under the laws of Delaware with i 
authorized capital of $3,000,000 in shares of i 
par value. Early in 1915 the New Keystoi 
property was purchased by the Inspiratic 
Consolidated Copper Co. for $795,940, payab 
in shares of Inspiration stock at $20 a share. 

Finally, at the west tip of the ore bow, as i 
present determined, is the Live Oak group 
about 200 acres, which, as previously mei 
tioned, is also now the property of the Inspir 
tion Consolidated Copper Co. 

Both the Keystone and Live Oak groups pr< 
duced considerable chrysocolla ore from veil 
in granite porphyry before the importance < 
the disseminated ore was realized. 

The Inspiration Consolidated Copper Co. 
lands were classified by the company in its 191 
report as follows: 

Acre 

Mining lands 1, 8 

liands for mill rate, tailings dispoflal, water-supply, 
etc 2,3 

4,2 

At the end of 1918 the Inspiration Co.had pn 
duced 319,946,970 poimds of copper and ha 
paid dividends amounting to $27,955,014.5^ 

West of the Live Oak group lies the Barne 
group, 450 acres, owned by the Barney Copp( 
Co., organized under the laws of Arizona wit 
an authorized capital of 85,000,000 in shares i 
?5 par value. Considerable prospecting hf 
been done on this group, but the drill hoL 
have not yet shown the presence of ore in con 
mercial quantities. Similar statements migl 
be made with reference to the Montczuni 
group, southwest of the Live Oak group, whic 
has been prospected by the Southwoster 
Miami Development Co. ; to the Schul tze grou] 
still farther southwest, explored by the Sout 
Live Oak Development Co. ; and to the Needle 
group, which partly incloses the west end < 
the Barney group. North of the Miami an 
Inspiration groups are the large holdings of tt 
Warrior Copper Co.,^ originally embracing 1,15 
acres, in two main groups, of which a pai 
only of the southern (Black Warrior) group 
shown in figure 6 and Plate XXXI. Th 
ground has produced large quantities of or< 

• See Stevens, II. J., Copper ITandbook, 1910-11, pp. 1799-1801, 19: 
for details. 
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chiefly chrysocoUa, from the Montgomery and 
Dadeville claims, but disseminated sulphide ore 
has not been found in workable quantity, 
although it should be added that the ground 
has not been thoroughly explored. 

A considerable part of the land in the north- 
eastern part of the Black Warrior group, near 
the mouth of Webster Gulch, was purchased by 
the Inspiration Consolidated Copper Co. for its 
concentrator site. The same company ac- 
quired also the Little Miami group, north of the 
Miami group. 



Sampling is a far more important matter in 
connection with low-grade disseminated ores 
than in ore of higher tenor with more definite 
limits. In all the mines in the Miami district 
the sampling is kept close up to the working 
faces. All drifts, crosscuts, and raises within 
the general ore zone are sampled at intervals 
of 5 feet, and the assay results are entered on 
detailed assay maps. A portion of such as 
assay map, showing the transition from ore to 
sUghtly enriched sulphides, is reproduced as 
figure 7. 
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Figure 7.— Portion of an assay level map of one of the mines in the Miami disirit-t, showing methcKi of recording assays. 



UNDEKQROTTND DEVELOPMENT. 
GENERAL CHARACTER. 

Work underground in the Miami district pro- 
ceeds with such rapidity that any detailed de- 
scription of mine workings becomes obsolete 
before it can ])e published. Partly on this 
account and })artly for the reason that in min- 
ing for disseminated ore tbo levels are laid out 
as vertically superposed rectangular lattices 
which, as displayed on a map, have less geologic 
significance than levels driven along a lode, the 
descriptions that follow, both of the mines at 
Miami and of those at Ray, will be of a brief 
and general character. 



MIAMI MINE. 

The Miami ore bodv was discovered and itfe 
general extent determined by the ordinary 
mining methods of sinking, drifting, and cross- 
cutting. Afterward, however, tliis work was 
supplemented and the range of exploration ex- 
tended bv the use of churn drills. 

There are four shafts. The No. 1 shaft, situ- 
ated on the Ca])tain claim, proved to be about 
450 feet southwest of the main ore body. It 
was extended in 1913 to the 420-foot level and 
is used for men and supplies. Shaft No. 2, 720 
feet deej), is on the Red Rock claim, 850 feet 
northeast of the No. 1 shaft. It penetrated 



livrix ,Ti-/.r; *(i jia^/,"! Jr.-.;. ; 



■;t r-T 



! 
., ., 

I 

■■'! 

"i — 

I 

'■•■f — 

,,j ., 



.... 




— 




— 


'\ 1 


\ 




i 


-— 


b?- 








i 


■' i 


1 
— 1 

1 




'"M 




^ 


■>■'! f 



! i 



^: 









' ;. V?''J^'V JTi 1' 



-r 



t . 



.• 






k 



■ \ 



\ • 

t 

. : ." ■ ; 

^ ■ • 

I . 



I • 



. I 



' i 1 



I 

• I 



■, I 



MINES AND MININQ. 



ihe ore body centrallj and was the principal 
working slu^t throu^out the period of pre- 
liminary mine development, but was lost in 
1913 through the caving of the ground. Shaft 
No. 3, in the northeast comer of the Red 
Spring claim, is about 2,200 feet northeast of 
the No. 2 shaft and is approximately 1,500 feet 
away from the main ore body. It is not in use 
except as a downcast for ventilation. No. 4, 
the largest shaft, is on the St. Johns No. 1 claim, 
in the Gila conglomerate, and is about 450 feet 
east of the ore as at present blocked out. This 
is the main working shaft, through which all 
ore is hoisted in balanced 7i-ton Kimberley 
skips. It is 12 by 16 feet in the clear and 710 
feet deep. It has two skip compartments, one 
5 by 11 foot cage compartment, and one pipe 
and ladderway compartment. There are two 
geared hoisting engines, operated by steam, one 
for raising ore and the other for moving men 
and supplies. The hoisting capacity is 500 
tons of ore an hour.^ 

The mine has 12 levels, designated with 
respect to the depth of each below the collar 
of the No. 2 shaft as follows: 

Levels of the Miami mine. 



Designation and depth below collar of Ko. 2 

shaft. 



220-foot.. 
245-foot.. 
270-foot.. 
295-foot.. 
320-foot.. 
345-foot., 
370-foot.. 
395-foot.. 
420-footo 
470-foot.. 
670-foot « 
720-footo 





Approxi- 
mave eleva- 


Distance to 
shaft station 
next above. 


tion above 

sea level, 

with collar 

of No. 2 




shaft taken 




as 3,730 feet. 


Fed. 


Feet. 


220 


3,510 


25 


3,485 


25 


3, 4(50 


25 


3. 435 


25 


3,410 


25 


3, 3vS5 


25 


3,300 


25 


3,335 


25 


3,310 


50 


3,260 


' 100 


3,160 


150 


3,010 



a Uaulage levels, 150 feet apart. 

Of these levels the 370-foot is known also as 
the ** first mining level'' for the main ore 
body — that is, the level above which sto])ing is 
to be confined until the upper part of the mine 
has been worked out. For the Captain ore 



» For technical details of shaft, hoisting equipment, mill and power 
plant, see Stevens, II. J., Copper Handbook, 1911-12, pp. 1159-1102, ai.d 
the company's annual reports. 



body, the 245 is the ''first min 
leveJs above the 370 are refer 
mining leveb." The 420-i 
XXXII) is a tramming level, 
all the ore from the levels ab< 
the shaft in trains drawn by 
tives. In the northwestern a 
portions of the mine the 39£ 
sublevely from which is contro] 
of ore from the s topes into th 
ets that deliver to the tranm 
570 and 720 levels will in turn 
levels for the deeper stages o 
ore is hauled to the shaft in tr 
3}- ton cars drawn by 6- ton < 
tives. The tracks are 2-foot 
45-pound rails. The total len^ 
run to the end of 1916 was j 
The mine is ventilated by met 
each with a capacity of 60,000 

The arbitrarily assumed ''no 
ami system of mine coordinat 
18® 1' west of true north. In t! 
and southwestern parts of the 
cipal tramming drifts run pa 
stopes, whereas in the Captaii 
the Ray mines, they are at 
them. The general plan of th 
of a rectangular lattice with 
feet. In other words, on each 
blocked out in 50-foot squares, 
drift intersections connect each 
above and below. 

West of the main Miami oi 
northwestern part of the Ca 
what is known as the Ca])tain < 
is really the extension eastwj 
ground of the Inspiration ore b< 
on Plate XXXI a connection 
tween the Captain ore body 
Miami ore body, the slender nee 
material is partly oxidized and 
doubtfully classed as ore. F- 
pmT)0ses the two ore bodies in 
are distinct, drifts from one to 
through barren ground. 

The Captain levels are at 80 
245, 270, 345, 370, 305, and 421 
collar of Xo. 2 shaft. The Ce 
are laid out on a separate coo 
of which the '' north ^' is 33° I 
north. In other words, the n 
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drifts in the Captain workings make an angle 
of nearly 51° with the north and south drifts 
of the main Miami workings. This difference 
and the fact that in the Miami mine "north" 
may mean true north, magnetic north, N. 18° 
W., or N. 33" 58' E. ("Captain north") are 
rather confusing to anyone not thoroughly fa- 
mihar with the mine maps and with local usage. 
The upper surface of the Miami main ore 
body was not fiat hut, as may he seen from 
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areas inclosed by the corres] 
of figure 8. The 42&-foot an 
connect with the No. 4 shaft, 
level with the No. .1 shaft. T 
also connects with the No. 1 1 
The Miami Co. in 1016 had 
roll about 640 men — 590 unc 
on the surface. It was prod 
ber of that year 5,455 tons of » 
200 men are employed in the 



, 2 shaft. Dotted CD 



D approxlmjlo sljai;« oS 



figure X, swelled upward into three rounded 
hill-like ]irotuI>eran('es, two of wlii{'h were coti- 
sideriihly larger and higher than the other. 
The levels above tlie 34.5-foot were laid out for 
tlie purpose of sloping those hillocks so as In 
allow the overhimlon to ca\e down to an ap- 
jiroximafely horizontal surfaio over the main 
body of the ore. Cnnset^uently these upper 
levels were notof groat exlentaiid did nothing 
remain open. They coincided rougldy with the 



INSPIRATIllX M 

The workings of the Jnsp 
XXXI) extend westward ii 
Kidge for 3,300 feet from tl 
and open southward tlirougli 
into Liveoiik Gulih. lluri^ot 
over II mm-li fireatcr area ti 
Miami nitiic, but tlie ore iis 
ougldy blocked out. 



'r. ..'-^ '"^ 




r. S. OXOLOOICAL 8UKVBT PHOTKSSIOTIAL PAPEll lis PLAT 



A., HOIST AND COMPRESSOR HOUSE AND C0AR3B-CRCJSHING PlA^JT AT THE MAIN SHAFTS. 
Looking norlhirat. Photomidifrom the InqilratiiHi CoDiolidaUd Copper Co. 



B. CONCENTRATOR. 

nelter. The even dope of Ihe GUb connlometste ia well •htm 

^., Sidocnoniville. AunoUiinrtoflbePiDalRaiwaiawsDool] 

n th« Inifuratioii Coiuolidaled Copper Co. 
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Before beginning of sloping, in July, 1915, 
ttie lengths of the various kinds of under- 
^nnd openings were as follows: 

Miles. 

3haftB 1.2 

Saulage ways 7. 7 

Ordinary drif to 21.1 

liain raises 21. 2 

Finger raises 2. 5 

63.7 

During 1916 fully 28 miles of underground 
openings were driven and 31 miles of earlier 
ss^ork were destroyed by caving operations. 

Most of the underground exploratory work 
was accomplished through the Scorpion sliaft, 
S45 feet deep, on the nortli side of the ridge, 
find the Joe Bush shaft, 500 feet deep, on the 
south side. The Colorado shaft, 635 feet deep, 
also connects with the main workings on the 
south side of the ridge. The positions of these 
shafts may be seen from Plates XXXI and 

xxxni. 

In 1912 work was begun on two large vertical 
shafts known as the Main West and Main East 
shafts. They are situated 104 feet apart in 
Webster Qxdch, well north of the ore body, and 
are 585 feet deep. These shafts, lined with 
concrete, were finished in 1915. Each has 
three compartments. Two in each shaft are 
occupied by 12i-ton skips, operated by auto- 
matic electric hoists. The third compartment 
in one shaft contains a double-deck passenger 
elevator, counterbalanced by a weight running 
in the third compartment of the other shaft. 

The surface equipment at these shafts (PI. 
XXXIV, A), including the mine compressor 
and hoist house, coarse crushing plant, and oro 
bins, is in keeping with the scale and thorough- 
ness of this company's operations throughout.* 
At the time of last visit, in September, 1916, 
about 18,000 tons of oro was hoisted in 16 
working hours each day. 

An inclined shaft on the south side of Inspira- 
tion Ridge, about halfway between the Joe 
Bush shaft and the portal of the main adit, also 
connects with the principal levels. 

1 For details of equipment sec the follouing: 

Borch, H. K., and Whiting, M. A., Automatic oi>eration of mine 
hoists as exemplified by the new electric hoists for the Inspiration Con- 
solidated Copper Ca: Am. Inst. Min. Eng. Trans., vol. 55, pp. 10-23, 1917. 

New man hoist at Inspiration: Eng. and Min. Jour., vol. 101, pp. 476- 
477, 1916. 

Company's annual report for 1913. 

Burch, II. K., Mine and mill plant of the Inspiration Consc^dated 
Copper Co.: Am. Inst. Min. Eng. Trans., vol. 55, pp. 707-740, 1917. 



The Inspiration mine levels are i 

Levels of the Inspiration mine 



Designation. 



Sublevel 6 

SubleveI5i 

Sublevel 5 

Sublevel 4i 

Sublevel 4 or third levels 

Sublevel 3J 

Sublevel 3 

Sublevel 2i or fourth haulage level. 
Sublevel 2 (old Joe Buah 400 level) . 

Sublevel li 

Sublevel 1 

Sixth haulage level 



DIstan< 

shaft sti 

or level 

abov 



Feci 



• Also referred to as the Tunnel lcv( 

These designations, it must be c 
not readily grasped and used by 
although fortunately the rectangul 
coordinates and drifts in the Insp 
has a true north-south and east-\' 
tion. The most extensive level is 
Tunnel level. This connects all sh; 
tunnel portal in Liveoak Gulch. 

West of the main workings are 
shaft, 300 feet deep, and six expl 
nels. All work in these had beer 
in 1912. Their relative position 
relation to the topography may I 
Plates XXXI and XXXIII. "^Tl 
tunnel is of interest as being the 
the disseminated ore of the Miami 
first mined on a profitable scale ai 
thus given the clew to the mining 
that are now in process of reahz 

The ground of the Inspiration gr 
tion to the mining development 
has been extensively and in part 
explored by churn drilling, so that 
of the main ore body are fairly w< 

To connect the main shafts 
Gulch with its concentrator, IJ 
with the International smelter, a 
Miami branch of the Arizona Eastt 
the Inspiration Co. has built abou 
standard-gage railway. 

KEYSTONE MINE. 

The old Keystone workings o 
chrysocolla, as they were in 1902, 
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described in the Globe report.^ These were 
considerably extended during subsequent years 
but are now abandoned and were not examined 
in 1912. 

The new shaft, about 600 feet northeast of 
the old tunnelsy is 330 feet deep. Levels 150 
and 250 feet below the collar block out the ore, 
for the most part in rectangles 100 by 200 feet. 
The orientation of the rectangular level system 
is 20® 40' west of true north. 

LIVE OAK MINE. 

Like the Keystone, the Live Oak mine for- 
merly produced much chrysocolla from a vein 
in granite porphyry. The old timnels and 
stopes are all above the modem workings. 

The Silica tunnel of the Live Oak workings 
follows a vein of chrysocolla in granite 
porphyry. This was stoped to the surface. 
An inclined shaft was sunk on this vein, but 
the first level, 32 feet vertically below the collar, 
proved to be below the main ore body. A 
second level, 70 feet below the collar, was as 
disappointing as the first. The third level, 
about 95 feet below the second, is the sulphide 
tunnel, which has its portal in Liveoak Gulch 
and connects with the No. 1 vertical shaft, 496 
feet deep in August, 1012, at a depth of 273 
feet. The vein originally worked does not 
appear on this level, although a crosscut of 
350 feet was nm to find it. Later work has 
been devoted to opening up a body of dissemi- 
nated ore northwest of the shaft, both on this 
level and on the fourth level, 117 feet below the 
sulphide tunnel. In April, 1912, this level was 
being extended southwest to connect with the 
No. 2 shaft, then just completed, but work on 
the connecting drift was afterward stopped. 
This shaft, about 2,000 feet southwest of the 
No. 1 shaft, is 1,181 feet deep. It has levels 
opened at 800 and 900 feet. The drifts from 
this shaft run northwest and northeast. At 
the date of writing (July, 1917) the fourth 
level of the Inspiration workings has appar- 
ently not yet been extended to a connection 
with the Live Oak workings, through the 
Ec'yHtone ground. 

In addition to the undergroimd work the 
Live Oak ground has been carefully explored 
by drilling on a rectangular coordinate not 
oriented 10^ east of north. 




» U. fl. (itoi. Survey lYof. Vaper 12, pp. 160-161, 1903. 



WARRIOR MINE.. 

Although the Warrior mine is not one of 
those on the known belt of disseminated ore, it 
is so close to them as to deserve brief descrip- 
tion here. The principal workings are on the 
Dadeville, Montgomery, and Winnie claims, 
and the levels, although rather irregular, trend 
as a whole nearly east and west, for a distance 
of about 2,500 feet. The most extensive level 
is a txmnel, at an altitude of about 3,790 feet, 
with one portal on the Nellie claim, near the 
bottom of Webster Gulch, and another on the 
DadeviUe claim, in a small side ravine about 
1,000 feet to the east-southeast. There are 
shorter levels at distances of about 40 and 80 
feet above the main level and at 50 and 130 
feet below it. In general the workings become 
lower from east to west, as they follow a flat- 
lying strip of ore, 160 feet in greatest width, 
which dips in that direction at an angle of 
about 12*^. 

DRXLUNG. 

Chum drilling has played a very important 
part in the development of the Miami district, 
notwithstanding the fact that the Miami ore 
body was discovered and was extensively ex- 
plored by other methods. 

Some of the earlier holes were irregularly 
placed, but the general plan on the ground now 
owned by the Inspiration Consolidated Cop{>er 
Co. has been to test the ore zone and define its 
limits by holes placed 200 feet at the intersec- 
tions of a regular system of rectangular coordi- 
nates. Drifts subsequently run follow these 
same lines and intersect the drill holes. On 
outlying properties, where the presence of ore 
in conmxercial quantity has not been demon- 
strated, scout holes are put down with less at- 
tention to regular spacing and alinement. 

On the Live Oak ground, where the ore in 
general is deeper than elsewhere in the ascer- 
tained zone, there were in February, 1914, 106 
drill holes, ranging from 237 to 1,113 feet in 
depth. Farther east, on the Inspiration and 
Miami groups, the holes are generally not so 
deep. The deepest hole in the district is that 
drilled by the Miami Co. southeast of its No. 4 
shaft. This hole was abandoned in the Gila 
conglomerate at 2,050 feet. A hole started 
from the bottom of the 300-foot Barney shaft 
reached a depth of 1,448 feet below the surface. 
On the Montezuma group No. 1 hole, of the 



VINES AlTD MINnfQ. 



Southwefltem Miami DeTelopment Co., is 1,285 
feet djB€p and No. 2 hole 1,240 feet deep. 
Probably before this report is printed still 
deeper holes will have been bored in the out- 
lying parts of the district. 

The drilling has been accomplished for the 
most part with portable rigs of the Star type, 
although some Keystone rigs were used. The 
initial <Uameters of the holes range from 10 to 
22 inches. The total cost per foot of hole, in- 
ctnding road building, varies widely with cir- 
eumstances, but the average for holes less than 
600 feet deep was between S2 and $3.' Some 
of the deep Live Oak holes and of course the 
deep Miami hole were much more expensive. 

Tba passage of the hole from the oxidized 
capping into ore or unoxidized rock is recog- 
nizable by a distinct change in the color of the 
dudge from reddish to gray. Although the 
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logs of some of the earlier holes are not wholly 
trustworthy, the records of rocks passed through 
in most of the borings have been carefully 
kept by the engineers in charge and are relia- 
ble. With a little experience the sludges do- 
rived from the GUa conglomerate, dacite, 
schist, and porphyry arc, as a rule, readily dis- 
tinguishable. Except where the rock is ob- 
viously barren the sludge is dried, sampled, 
and assayed for every 5-foot vertical interval. 
So far as could be ascertained there is no large 
or constant discrepancy between the results ob- 
tained by drilling and those obtained by sub- 
sequent drifting, altiiough on ore containing 
about 2 per cent of copper many of the driD 
samples assayed about 0.2 per cent less than 
drift samples. 



I Weber, W. a., Methods an 



1 of operating well-drilling m 
IriB—CmilraclInt!, vol. 33, i 
I Wl^ocisln EnglnDer, April 



The general plan of stoping 
worked out for the Miami mine 
Lawton, its first superintendent, 
scribed by C. F. Tohnan, jr.* Th 
ever, has been modified as work pr< 
Captain ore body and the southwt 
weet parts of the main ore bod; 
byaBO-caUed "shrinkage-stope" i 
has been described in detail by 
the company's mine efficiency € 
brief the system comprises a mt 
level, a drawing-off level 25 ft 
and sublevels, for use in stoping 
of 25 feet above the drawing-off 1 
Miami mine the first tramming 
420. The mabi tramming drifts 
apart longitudinally, and original 
feet wide was carried over even 
leaving pillars 50 feet wide be 
fig. 9.) Recently, however, in 
ore body, the rooms and pillai 
made narrower. Stoping begins 
the tramming level, and as the 
upward only so much of the k 
drawn off as will leave working s 
it and the top of the stopc. M 
39 per cent of the broken ore m 
to provide working space and tt 
for the increased volume of the 
terial. After the completion of t 
intervening longitudinal pillars ai 
the miners working from the t< 
retreating through tlie drift (iiid 
the sohd portion of tlie j)illnr. 
drawing of ore usually begins wh( 
in any section of the workijigs 
30 per cent of completion. ^Vh 
all drawn and the overburden ha; 
to the stopo floor, the process is i 
a lower trammuig level. 

In the eastern part of the mi 
part of the ore body was mined b 
set method. The expected collai 
after the removal of the oro fo 
mat of timber under whicli sto] 
ceeded by top slicing and caving. 
form of t«]) sUcing as developed 
been described by Ueano.* 



■ Mln. and Sd. Press, Nov. 13, 1809, jiji. f.57-fl6S 
' StoplQg molhoda ol Miami Co|>per Co.: Am. In 

ol, M, pp. I3"-153, 1B17. 

' Deane, E. O., The block method ol lop sllrlng 

lo.: Am. Inst. Ifio. Eng. Trans., ^■ol. iS, pp. m 
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In 1912 mining by the modified '*shrinkage- 
>pe" method was costing about 76. cents a 
a, including a fixed development charge of 
cents a ton. Some of the ore mined by 
uare setting was probably costing from $1.65 
$1.75 a ton. The total average mining cost 
1915 was $1.0158 a ton, the cost by different 
3thods not being given. According to Deane, 
e cost by the block method of top slicing as 
ed in 1916 was 88 cents a ton. In 1916 the 
ami Co. was mining daily about 4,000 tons by 
tdnkage s toping and 2,000 tons by top slicing. 



HZLUNG. 

The first large modem mill to operate on dis- 
seminated ores in the district is that of the 
Miami Copper Co. (PL XXXVI). It is situated 
close to the No. 4 shaft and is a well-designed, 
very substantial building of concrete, steel, and 
iron, with an average capacity in 1916 of 5,074 
tons a day. The details of its original equip- 
ment have been given by J. Parke CSian- 
ning.^ Recently, however, an annex for the 
treatment of ore by flotation has be^i added. 




PROTORE 



Moin haufa^e drift. 



RL 10.— General CToss section showing method of sloping with inclined raises us used in the Inspiration mine. After W. C. Browiiing.> 



rh<» Ohio caving system used by the Ju- 
ration Consolidated Copper Co. was adopted 
IT careful experimentation with models to 
ermine th(j extent to wliich the waste rock 
•rlying a caving ore body would tend to be 
wn dov%^lwa^(I fuimel-wise to the pouits of 
•liarj^*-. As may be seen from figure 10, 
en from sk(»tches by Mr. W. C. Browning, 
overburden is caved in sublevel stages of 
fer't drawn off through inclined raises that 
verge, (lo^\7iwar(l to the main haulage level, 
'he effects produced at the surface by mining 
lljff Miami district are illustrated in Plate 



The ratio of concentration ranges from 18 tc^ 
21 into 1, and the extraction in 1915 was IhXT 
per cent on ore averaging 2.17 per cent copper, 
and in 1916 was 73.88 per cent on ore averaging 
2.07 per cent copper.' The concentrates car — 
ried 41.91 per cent of copper in 1915 and 42.4^ 
per cent in 1916. 

Power for milling as well as for mining pur- 
poses is furnished by the company's steam 
power plant in the town of Miami. Hoisting 
is at present (1916) done by steam. 

» Min. and Met. Sot\ America Bull., vol. 4, No. 36, pp. 86-89, 1911. 
2 Reports of B. Britton Gottsberger as general manager for the yeaff 
1915 and 1916. 
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Water for nulling and other purposes at the 
Miami mine is obtained mainly from the Old 
Dominion mine, about 7 miles distant, which 
supplies 2,000,000 gallons a day. An addi- 
tional supply, probably from 500,000 to 



L'iTi-'inn 




f HH_r I 



8 Pnmar 



Cone 



Callow ecus 
• A Tails 



.4 Callow 



TWIs 



Slime 



■ _j: 




ZZDeisUrM^. 
hydrauli c dasamera 



Cone 



^16 SacofKlary 
C allow ccila ^ ^ 

. ^ A^Tails ^ Slime ^.A^ 



1 PofT thickeners | 
Oliver flltere 









ST 
1 




ddiKsSsaSi, 


. 


Tails ^ 




< * 

• 


1 


iDorrth 


ickenersj 




Wi 


isie 

1 > 


^ 



Fiocnui IL^Flow sheet of Insiiiration concentrator sections equipped 

with CalJow flotation machines. 

1,000,000 gallons a day, is pumped from wells 
near Pinal Creek, a few miles north of Globe. 

The Inspiration mill ' (PI. XXXIV, B) is in 
Webster Gulch, about a mile and a half east 
of the main shaft. After much experimenta- 
tion a combination of concentration by flowing 
water and by flotation was decided ujK)n. The 
mill consists of 18 sections, each with a nominal 
capacity of about 800 tons a day, or a total of 
14,400 tons. In August, 1916, 16,073 tons a 
day was being milled. The treatment com- 
prises crushing the ore as it comes from the 
coarse-crushing plant at the mine, already 
reduced to It inches maximum size, in March 
ball mills to pass a 48-mesh screen, passage of 
the crushed ore through flotation machines, 

> SeeBureh, H. K., Concentration at Inspiration: Eng. and Min. Jour., 
voL 109; pp. 411-415, 457-4H0, 1910 (abstract); Mine and mill plant of 
the Insplratian Consolidated Coi)per Co.: Am. Inst. Min. Eng. Trans., 
▼oL 65, pp. 707-740, 1917; Qahl, Rudolph, History of the flotation process 
•t IfhJDl, Ariz.: Am. Inst. Min. Enic. Trans., vol. £5, pp. 57&-645, 1017. 



separation of the flotation tailings into sand 
and slimes, treatment of the sand on concentra' 
ting tables, re-treatment of the slimes:!!! flota-^ 
tion machines, and removal of water from 
concentrates by filtration. 

In 1916 four sections of the mill were 
equipped with Callow flotation machines, 13 
sections with Inspiration flotation machines^ 
and one section with the Minerals Separation 
Co.'s machines, in which air is injected under 
stirring paddles. The general flow sheets for 
these three null divisions are shown in figures 
11 to 13. 

In 1916 the average mill run was 14,850.1 
tons of ore a day, carrying 1.648 per cent of 
copper. The average saving on all ores was 
74.86 per cent and of the copper in siilphide 
form 90.95 per cent. It required 26.5 tons 
of ore to make a ton of concentrates. Not all 
the mill sections were running at the beginning 
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FiQURB 12.— Flow sheet of Inspiration c<»icentrator secti(»is equipped 
with Inspiration flotation machines. 

of 1916, so that the above average does not 

measure the total capacity of the mill. The 

average in February, 1917, was 17,013 tons. 

Power for mining and milling is supplied 

I from the hydroelectric plant of the Salt River 
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imijt^^t uiultu* a 10-year contract with the 
I liiitt^U HtaUtfi Reclamation Service. The com- 
pany alHo owns, jointly with the International 
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KioUKK la.— Flow sheet of Inspiration concentrator section equipped 
with Minerals Separation flotation machines. 

SrruJting Co., a complete steam-power plant 
amply sufficient for all needs in case of failure 
of the electric current. 

SMELTING. 

Prior to 1915 the concentrates from the 
Miami mine were smelted at Cananea, Mexico. 
In that year, however, the reverberatory 
smelter of the International Smelting & Refin- 
ing Co., about a mile west of Miami, was com- 
pleted, and the concentrates of the Inspiration 
and Miami mUls are now treated at this plant, 
which has a daUy capacity of 250 tons of cop- 
per. A description of the smelter has been 
given by Kerns,* and a general view of it ap- 
pears in Plate XXXIV, B. 

» Kerns, R. W., International smeltery at Miami: En^;. and Mln. 
Jour., vol. 101, pp. 421-424, 1916. See also Rlcketts, L. I)., Dust losses 
in copper smelting: Eng. and Min. Jour., vol. 102, pp. 396-397, 1916. 



The noimal charge^ containing 28.4 per cent 
of copper, is as follows: 

Concentrates 84.9 

Cruflhed siliceous ore 2 

Converter secondaries 7. 1 

Pyrite 2.1 

Limestone 6. 7 



loao 
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This is treated in the drying plant, which 
consists of five Wedge furnaces, and passes 
thence to three oil-fired reverberatory furnaces 
21 feet wide by 120 feet long. The matte from 
these fmnaces, containing 51 per cent of cop- 
per, is charged into five i2-foot converters of 
the Great FaUs type. From these the copper 
is carried in 18-ton ladles to two tilting fur- 
naces, which pour into two casting machines. 
These machines deliver the copper in slabs 
weighing about 274 pounds each. The daily 
output of copper in September, 1916, was 95 
tons. 

RAY DISTRICT. 

MININO COMPANIES AND CLAIM QBOITPS. 

By far the strongest and most active com- 
pany in the Ray district and the one with the 
largest holdings is the Ray Consolidated Cop- 
per Co., which, after acquiring the property 
of the Gila Copper Co. in 1910, absorbed 
the Ray Central Copper Mining Co., leaving 
only the Arizona-Hercules Copper Co.^ as an 
important outside factor in the development 
of the disseminated deposits. The general re- 
lations of the claim groups to one another and 
to the area underlain by developed ore are 
shown in figure 14. 

The Ray Consolidated Copper Co. is organ- 
ized under the laws of Maine with an author- 
ized capital of $14,000,000 in shares of $10 
par value. It controls also the Ray & Gila 
Valley Raihoad Co., capitalized at $2,500,000. 

The land holdings of the Ray Consolidated 
Copper Co. are large, embracing nearly 2,000 
acres in the Ray district, considerable ground 
in the vicinity of Kelvm, and a tract of 3,750 
acres in the vicinity of Hayden, where the con- 
centrator and smelter are situated. (See 
fig. 15.) 

> The ground of this company at the date of writing (November, 1916) 
Is operated by the Ray-Hercules Copper Co. 



MINES Aim MIHINO. 



101 



Hie Arizona Hercules Copper Mining Co. is 
capitalized at 110,000.000, with shares of $10 
par value. It owns about 250 acres of mining 
claims and a mill site; the most valuable part 
of the mining grotmd is inclosed by the property 
of the Ray Coosohdated Copper Co. Details of 
the oi^anization of the Kay Hercules Copper 



Prior to extensive cndergronnd work the ore- 
bearing area at Ray vu explored by chum 
drilling, the holes as a rule betn^' situated at the 
inteisections of rectangular coordinate lines 200 
feet apart. The Ray Consohdated Cop|jer Co. 
tested in this way an area of about 185 acref>. 



Figure 14,— Clolm mapDltbocentralpartoflbo lUy dlstnrl. 

Co. are not at hand. The company is reported ' The total number of holes drilled k 353, and 

their average depth is 418 feet. The average 
thickness of capping or overburden, as calcu- 
lated by the company's engineers, is 2.52 feet, 
and the average thickness of the ore 101 feet. 
Although drilling had been discontinued in 1912, 
the extreme limits of the ore body, particularly 
in its wecjtcm part, have not yet been fully 
' ascertained. 



to be building a concentrator near Kelvin. ' 

■BlDcatbla waa wrlticn Ihe Ray Uurculcs Copper Co., now owning 
DMnthuiM.e per cent otlhc stock oF rbe Arlionn Uomilu Copper 
CdL.bMlMied lis first annual ropon, Jn which II Is staled 1 hat the 

paor hw earrlpd out eilcnalvc undermDund worli and haa equipped 
tb» mill* far producUon on a Large scale. At Belgravia, a new sotllo- 
mentlast ncrtbot Ra; JunciioQ and about 6 miles from Ibe mlDO. a 
cotmntrallDg mill with a capacity ot l.iOO tms a day bag mxntly 
bMinc«aiplet;d and Is now Id operUEon. 
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The average cost of driOiiig- at Bay Was be- 
tween <2 ^Ild <3 a;/<icrt. Some of the later 
holes, which wen-poh-'^eTy deep and were not 
closely Bamplftd/. cost only $1.50 a foot. 

In gfiairiK' ^o results obtained by drilling 
agrediaiHy well vith those obtained by drifting 
•,tii'the same ground. It has been found, how- 
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work has ^us curtailed the siipposed quantity 
of ore in certain places, it haa exposed fuUy 
compensating additions elsewhere. 

xmssBOBOiiND DmLomnT. 

The general plui of development of the Ray 
Consolidated Copper Co.'s mines is indicated in 



FinOK IS.— OotUns DUp shmrlng the ralatlvs posltlooi 

ever, that holes which passed through soft 
crushed schist into "diahafte" gave results that 
were too high — that is, the drill record indi- 
cated that the ore continued some distance 
downward into material that subsequently 
proved to be barren. Although underground 



a( the Bay Consolidated Copper Co. 'a mines ukd toiUs. 

Plate XXXVII. This map, however, shows 
only the main haulage levels and therefore 
represents but a small part of the actual work- 
ings. These at the end of the year 1916 had a 
total length of about 107 miles, uf which about 
54 miles had been destroyed by stoping op- 
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orations. The underground workings driven 
in 1016 amounted to 66,863 feet. There are 
three mines, known as No. 1, Ko. 2, and No. 3. 

The i^an of the ore body (FI. XXXVII) 
shows a marked constriction about 700 feet 
north of the Peari Handle shaft, which prac- 
tically divides the ore body into two parts. 
No. 1 and No. 3 mines are laid out to work the 
part of the ore body east and south of this con- 
sttiction, and No. 2 mine the part west of it 
The greater part of the southeast lobe of the 
ore body, including the ore in the western part 
of what was formerly the Ray Central ground, 
is being worked through the No. 1 mine. The 
comparatively high-grade ore in the eastern 
part of the former Ray Central ground is worked 
through the No. 3 mine by methods different 
from those employed in the two other mines. 
Between the workings of the No. 1 and No. 3 
mines a wall of ground about 100 feet thick is 
left standing as a precaution against any pos- 
sible flooding of one mine from the other. 

No. 1 shaft and adit are close to Mineral 
Greek, at the northeast base of Ray Hill. The 
levels of this mine are as follows: 

Leveli of No. 1 mine of Ray ConaoUdated Copper Co, 
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2175Bublevel 

21258ublevel 

A or adit level 

Collar of No. 1 shaft. 

No. 1 sublevel 

First level 

1990 sublevel 

1980 sublevel 

1970 sublevel 

No. 2 sublevel 

Second level 

1860 sublevel 

Third level 



Appmrtmafe 
disUnoe 

Above (a) or 

below (b) 

coUarof 

No. 1 shaft 
(feet). 



102 
62a 
2a 



23 

47b 

83b 

93b 

103b 

133b 

155b 

223b 

300b 



BlerslloDi 

above sea 

level (feet). 



2176 

2125 

2075 

2073 

2050 

2025. 8 

1990 

1980 

1970 

1940 

1917. 7 

1850 

1773 



Most of the levels above the first have served 
their purpose and have been abandoned. 

The No. 1 shaft, 300 feet deep, is used solely 
for hoisting ore; it is equipped with 124-ton 
skips, run in balance by an electric hoist at a 
speed of 300 feet a minute. 

The 2175 sublevel is a tunnel level, opening 
to the surface at two points on the east face of 



Ray Hill. The2126 sublevel has simUar £ 
connection. The.A or adit level has its 
about 350 feet north-northwest of No. 1 
and connects directly with the old Ray 
It was run in part by the English con 
No. 1 sublevel is not directly connectei 
the surface or with the main shaft. Tl 
level opens directly to the surface at th 
of Ray Hill just east of No. 1 shaft, with 
it also connects. All the ore tributary 
level has been mined, and the level was 
doned as a haulf^e level in 1916. Th< 
and 1970 sublevels connect with the ol 
shaft but not directly with the No. 1 si 
surface. The No. 2 sublevel commur 
with the main levels only through raises. 
second level is directly connected wit 
No. 1 and old Ray shafts and with a 30^ ii 
opening to the surface about 200 feet sou 
of the No. 1 shaft. Men, timbers, and 
waste as must be hoisted all pass throng 
incline. The third level communicates 
the surface through the same openings 
second level. 

An idea of the general plan of the level 
be had from Plate XXXVIII. It is essei 
that of a rectangular grid with 50-foot int( 
the whole intersected by a trunk haulage 
In some places the ore is divided into 2 
blocks; in others only those drifts thai 
into the trunk drift (laterals) are devc 
the cross drifts being omitted. In tenr 
permanently adopted '' magnetic nort 
13'' 41' 23'' east of true north, the dr 
general run north and east. Some < 
wide drifts on the first levoi, southwest 
Ray shaft, were run by the English con 

North and east of No. 1 mine is the 
mine, which includes what was former 
eastern part of the Ray Central mine, 
this property was purchased l)y the Ka; 
solidated Copper Co. it had been dev 
through the Madeline shaft, on tlio soul 
of Copper Canyon, principally on the 20< 
and 400 foot levels. The Ray Consolidat 
drove its second level north past the Mt 
shaft and works the western part of the 
and Isabella claims as part of its No. 1 
but in order to mine separately the higb 
portion of the Ray Central ore body, 
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The operations of the mill up to the end of 
1918 are sununariEed in the foUowing table: 

Opaation* of Rtof ContoHdated Copper Qi.'t mitui mtd mill, 
1911-1918. 



ytn. 


tlon. 


'^wsr 


Copi»rpr«luoed.S 




PtretiU. 
63.01 
68.28 
66.09 
67.88 
64.11 
70.20 
74.53 
74.92 


10.766 
9.828 
9.784 
8.839 
9.497 
10.267 
12.141 
17.695 


Pomnii. 




WM 






1914 


























68.62 


11.102 


468,890.633 



E IiuAudfa all tlxsd and gmaral choreM as well as coarae cruahlng. 
t Doea Dot Include c»[ip«rfnimtn sent dlnctl; to thannclUr. 

Iq addition to the ore milled the company 
shipped directly to the smelter ore containing 
the following quantities of copper: 

1913 412, 372 

1S14 1, 023. 745 

1915 1, 425, 682 

1916 2, 673, 798 

1917 5,409,770 

1918 4,473,660 

15, 418, 927 

The concentrates as a rule contain from 18 to 
23 per cent of copper. 

Alongside of the concentrator ia a smelter 
built and owned by the American Smelting & 
Refining Co. on ground leased from the Hay 
Consohdatcd Copper Co. This has been de- 
scribed by Vail.' It was completed in May, 
1912, and has treated all the concentrates from 
the Ray mill. Since July, 1913, it has smelted 
also concentrates from other mills. 

At Hayden also is a power plant, capable of 
developing over 15,000 kilowatts, which, in 
addition to operating the concentrator and 
smelter, supphcs the mines at Ray. 

1 Van, B. n., Smelling Ray conrentrates at Uayden, Arttr Eng. aud 
tun. Jour., voL 98, pp. 563-e6e,18H. 



Some idea of the magnitude 
preparing for mining and treat 
to 10,000 tons of ore a day may 
the statement that the net expc 
Ray Consolidated Mining Co. fo 
development to December 31, 1 
to (14,635,314.81. 

Those who desire more inform 
substantial and modem equipm 
Consolidated Copper Co. than 
passed in a few brief paragraphs 
technical details in the annual 
company and elsewhere.' 

ORE AVAILABLE. 

Estimates of the quantity of < 
the mines of the Ray and Miam 
with the data used in computatit 
is in most places not definitely 
calculated available tonnage 
largely upon the fixing of an ar1 
tween those assays that corresp 
those that do not. If overytt 
per cent be classed as ore the U 
ample, will bo much greater the 
be taken as the lower limiting 
over, material that on assay gi 
cent of copper may be of less vi 
no value as ore if the copper is 
oxidized forms that can not rcai 
trated with the sulphides. In gr 
limit of ore is taken to bo from 1 

It is believed that the engine 
ferent companies have been c: 
estimates of the available quan 
their respective mines and that 
no attempt at exaggeration. . 
membered, however, that the r 
mates -not exact measurement' 

On January 1, 1917, the Miam 
as follows: 

Sulphide ore carrying 2.40 p«r cent of c 

Sulphide ore carrying 1.06 per cent of co 

Partly oxidized or© carrying 2 per cent 

per (not fully developed) 
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Press, vol. 103, pp. 2«I-2W, 1B!1. 
(Anon.), Electric hoist at Itay: llin. lui 

Herrkk, B. 1.., Ray CoiuolidBted mines: 1 
pp. M*-SM, IflOS. 
EdholiD, C. L., Ore haadHug at Ray, Arti. 

n, pp. iiu-1144. iBii. 

Peony, A, N., Wnlng low-gtade copper 
Ka«. and lOa. Jour., vol. M, pp. T67-TT0, 11 

Dlacfcner, L. A., Cndererouad mining sy 
C^per Co.: Am. InM. Uin. Eng. Trans., vo 



, Tbew eotimatoB ^re a jpttid total itf 143,- 'BAjBaeaiM0apip«rCa.,)xnitmAcimt&i9ai^ 

9S!t4t9 t^nis of bw^ oM oiifp^^ Ue Ajffing uaoe this eafimate vte Buufe.*' 

im.the Miami ^ibwi. TIte totd qiuntitjr ol knowti 0M' otq^iti^ 

alwImownivMmaofthelUyOcniiKiUdated present in the Bay dJatriot and avacsging be- 

Copper Co. at the end of 1916 are given in the '*'»" ^ and 2.6 per cent may be taken as be- 

™,™„„^» -.«-,-. *„- *i,.* „ =- ^ta^ tTt ooft tween 110,000,000 and 116,000,000 tons. There 

companT^s report lor tbat year at 93,373,226 t ,1 ■ ■• 11 

*^ "^ ■ ft no r « nTL ppobably remams a considerable quantity yet 

tons, areraguig 2.03 per cent of copper. There to be developed. 

had been mined at this date 13,293,864 tons. '■ 

Conaequently the onginal ore body according [ion«too<it.si,isi7,Bive.B^,i)oowiu.<tfi.7Tp.ro™tniiphi<toMe. 
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Chapter V. — Geology 



TOPOGRAPHY. 

The Miami district lies near the western edge 
of the broad conglomerate-filled basin in which 
is situated the town of Globe, and through 
which Pinal Creek flows northward to join 
Salt River. The main part of the Pinal Range 
lies to the south of the district. Its masses 
of pre-Cambrian crystalline rock rise rather 
more boldly than is suggested in Plate XXII, 
and D, above the intricately dissected flank- 
ing deposits of Gila conglomerate. To the 
north is the cluster of irregular hills which, as 
explained on page 81, is also a part of the Pinal 
Range. These hills are composed largely of 
minutely faulted Paleozoic rocks with masses 
of overlying dacite, also faulted, and inclose 
small lowland areas of diabase and pre-Cam- 
brian granite. Southwest of the district the 
range, owing to the comparative ease with 
which the Schultze granite is eroded, is rela- 
tively low, the depression forming a broad, 
irregular, and rather rugged pass from the 
drainage basin of the northward-flowing Pinal 
Creek to the headwaters of the southward- 
flowing Mineral Creek. This route was for- 
merly much used by the Indians and was the 
one taken by Marvine in his reconnaissance 
from Fort Apache to the valley of the Gila in 
1871. Bloody Tanks Wash, the flat-bottomed 
streamway along which the town of Miami 
has been built, heads in this pass. Its sinister 
name is said to commemorate an Indian con- 
flict near certain water holes in granite at the 
head of the wash. 

The topography of the district itself as 
mapped on Plate XXXIX is fairly rugged and 
irregular, the relief ranging from 3,400 feet at 
Miami to 5,050 feet on Needle Mountain, at the 
western edge of the area. The dominant fea- 
ture is the east-west Inspiration Ridge (PI. XL) 
separating Bloody Tanks Wash and its tribu- 
tary arroyos on the south from Webster Gulch 
on the north. The north side of this ridge is 
generally much steeper than the south side, 
although Webster Gulch is considerably higher, 
within the confines of the area here described, 
than Bloody Tanks Wash. 



OP THE Mu«, :,.,. 

extent expre^Kiv.;/* " 
forms have \^,^ ", " - 

conglomerate hhcw"""'^' 
the whole rather ;.'/' - -. 
spurs; the drainage iV'i ""•- 
does not record ih,? ■''i!'' ** •. ' 
structure. (See Pi. XXX**''* '' 
at Needle Mountain, Uuj .'*' '' 
enough to stand coaspic'uoij^^^ 
eral erosion surface. ' -' *"■'' - . 

I The Schultze granite ar«a hU 
bouldery outcrops characteristic''^!' *^* ^, 

, ering of granite in arid regionn '^^' ^^S 
sufficiently in its resistance to ercnW*'*' '^■^- 
considerable topographic diversity!**'"^*'' ''' •* 
ence of a sheeted structure in parts of v *'*'**■ 
also contributes to tliis result. TV ^ "'*^ 
raphy of the porphyry facies north of iji*'"*" 
Tanks Wash is less bold than that of^***^ 
coarser-textured granite. Little pointed I'lT 
and steep-sided ravines with no regularitv " 
their arrangement and with few prominent 
rock outcrops characterize this part of the 
granite area. 

The topography of the schist areas is iu 
general fairly rugged, with steep slopes and 
acute hill crests. It exhibits considerablo 
diversity, dependent on diflferences in the 
structiu*e and character of the schist from place) 
to place. 

It does not appear that ore deposition has 
had any share in determining the present 
configuration of the surface, although its 
effects as regards the coloring of the surface 
are evident in any general view over the 
country. 

Mand Wash, at times swept by formidable 
torrents, is dry throughout most of the year. 
Webster Gulch, except in seasons of unusual 
drought, carries a little water above Inspira- 
tion. 



FORMATIONS LOCALLY REPRESENTED. 

The rocks of the Miami district comprise the 
Pinal schist, the Pioneer shale (with which, as 
mapped on PI. XXXIX, is included the basal 
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Ian conglomerate); diabase, the Willow 
ig granite, the Schultze granite (including 
^al porphyry facies), dacite, and the 
conglomerate. Each of these formations 
been described in connection with the 
>gy of the region (pp. 30-75), and all that is 
ssary here is the supplementing of those 
ral descriptions with a few local details, 
le Pinal schist of the district is as a rule 
>ughly crystalline and glitters with abim- 
silvery foib of sericite. The schist folia 
enerally contorted, and in certain localities, 
ong Webster Gulch near Inspiration, they 
ntensely crumpled and the rock contains 
ti quartz, partly in small fissures and partly 
3aces opened between the crumpled and 
rated leaves of the schist. Although most 
le Pinal schist is essentially a quartz and 
ite rock, some varieties, such as that along 
oak Gulch in the central part of the dis- 
, contain biotite also. This dark mica as a 
is rather imevenly distributed through the 
t, to which its presence thus gives an 
tinct mottled appearance, 
le older sedimentary formations, which at 
r places in this region are so thick and 
picuous, have been almost completely 
3d from the Miami district. They are 
«ented solely by a few remnants of the 
eor shale and the basal Scaiilaii conglom- 
), which arc exposed in narrow areas north 
ispiration. A thick sheet of diabase has 
led and displaced the shale, in consequence 
hich only the lower beds between tlio 
sive rock and the schist are now present, 
es of the shale have been included also ui 
diabase. The Scanlan conglomerate is 
ly well developed and attains a thickness 
} to 30 feet. It is composed of ratlicr 
lar fragments of quartz in a hard matrix 
3 up chiefly of particles of schist. The 
I is locally baked and hardened by tlie 
sion of the diabase. 

.0 diabase is the normal diabase of the 
n, which has been described on pages 
B. It occurs along the northern edge of 
listrict and is not closely associated with 
lissemuiated ore deposits, 
e Willow Spring granite has been described 
igcs 52-53. It is a comparatively small 
sivc mass, of wliich about half of the ex- 
1 area is shown in Plate XXXIX. 



To the general accoimt of the Scb 
granite given in pages 59-61 little need 
be added. The rock, as may be seen from ] 
XXXIX, occupies a large part of the djs 
and is intimately related to the ore zone, m 
conforms in general to the northern boun 
of the intrusive mass, although it does not < 
cide with this boundary in detail. 

Areally the Schultze granite is divided 
two parts by a constriction northwes 
Bloody Tanks. The main body of the gn 
lies south of this constriction and, save o 
margins, is prevailingly granitic in tex 
The northern lobe, on the other han< 
granite porphyry and contains little if 
true granite. Both textural varieties, ] 
ever, are merely facies of one intrusive o 
and the passage from one into the oth< 
gradual. 

The rock of the northern lobe, particti 
of that part of the lobe lying north of Liv) 
Gulch, has been fissured in an extraordini 
minute fashion, and the coimtless little irreg 
cracks have been filled with quartz or, 
generally, with quartz and sulphides, 
result is a very brittle and fragUe mass, w 
the forces of erosion have cut into fi 
characterized rather by a petty sharpness 
irregularity of feature than by the bold 
pHcity to bo expected of a landscape that h 
granitic foundation. 

The dacite, which occurs only in the nc 
west liaK of the district, is for the most pai 
the same character as that described on p 
68-71 for the general region. The Whit 
conglomerate is locally absent, and the di 
rests in most places directly on the older re 
Northeast of Lispiration, however, part ol 
dacite is underlaux by dacite tuflF, with, s 
layers of schist conglomerate, which appare 
represent a very local accimiulation in a s 
hollow in the predacitic surface. This mat 
is so poorly exposed, covers so small an f 
and is so difficult to separate satisfact^ 
from the massive dacite that it was ma} 
with that rock as a luiit, although perhaps 
strictly a local correlative of the Whit 
conglomerate. The tuff is of some econ< 
importance as containing the ohrysocoUa 
of the Warrior mine. 

Tlie Gila conglomerate covers two relati 
large areas. One of these stretches along 
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m mai^iii of the district and is merely a 
part of the great mass of conglomeratic 
rial that occupies the valley of Pinal Creek 
onstitutes the terrane adjacent to the town 
obe. The other area lies west of the Live 
mine and for the most part north of 
le Mountain. The portion shown in Plate 
[IX is a little more than half of an isolated 
of the conglomerate, which, as shown by 
un of small residual masses on the ridge 
1 of Liveoak Gulch, was once connected with 
enumerate to the east, 
usual, the materials of the conglomerate 
much local variation. In the eastern part 
9 district the formation presents what may 
Jled its prevailing or typical aspect. As 
)ed on the lower levels of the Miami mine 
on^omerate consists of angular or suban- 
masses of Schultze granite and schist, as 
L as 5 feet in diameter, with varying pro- 
ons of sandy matrix. The constituents 
ery poorly assorted, and many of the large 
lers are surroimded with much finer mate- 
r are in contact with streaks of sand. The 
ing, as might be expected, is ciude, and in 
r places there is only a suggestion of strati- 
On. Here and there, however, lenticular 
s of sand or fine gravel show distinct local 
ing. Most of the large schist fragments are 
y and lie with their flat sides roughly par- 
with the sandy layers. 
e conglomerate of the Needle Mountain 
is made up in its southern part chiefly of 
kihultze granite and in its northern part 
[y of dacitc. Both varieties have in places 
cemented to hard rocks. As already men- 
d (p. 71), some of the granitic fragments 
f remarkable size.^ 

i ore in workable quantity occurs in the Gila 
lomerate, and the chief economic interest 
le formation lies in the fact that it covers 
I of the ore bodies and in places must be 
trated by the drills before tlie metallized 
t can be explored. Although, as will be 
lined later, there is good reason to suppose 
the ore bodies were formed before the depo- 
1 of the conglomerate, fragments of metal- 
schist are extremely rare in that formation, 
drijl hole bored for a well near the railway 
on at Miami bits of schist with native cop- 
n small seams were obtained from the con- 

»e varieties of the conglomerate have 1>een described mwe fully 
3. Geol. Survey Trof. Taper 12, pp. 53-54, 1903. 



glomerate at a depth of about 500 fee 
ment of schist, apparently in place i 
glomerate on the roadside between th 
store of the Miami Copper Co. and c 
little chrysocolla and malachite, wa 
my attention in 1912 by Mr. H. P. I 
informed me that it was the only 
taining copper that he had seen in tt 
erate. The Barney shaft was sunk i 
glomerate said to consist exclusive! 
fragments. A little copper is reporl 
been det>ected in this material, but in 
is not known. 

Chum-drill hole No. 75 of the Mii 
Co. was put down in the Gila co 
about 1,600 feet eastH30utheast of !^ 
It had been the intention to go throuj 
but in October, 1916, the hole had 1 
doned at a depth of 2,050 feet, withe 
penetrating the conglomerate. Nal 
was first detected in the sludge fro 
of about 1,000 feet and continued 1 
to the bottom of the hole, the pn 
copper apparently increasing down'^ 
highest assay obtained was 0.95 p 
copper. Samples of sludge were s< 
Miami Copper Co. to Prof. L. C. 
Harvard University, who reported 
of the particles of copper showed 
from chalcocite and suggested that j 
the native copper found in the ho 
same origin. From the obsers^eJ 
native copper to chalcocite seen in ] 
mine workings this suggestion app 
probable, and the occurrence is int 
indicating that the Gila conglome 
deeper portions contained original!; 
Miami ore body, fragments of cha 
derived by erosion from that ore l)o< 

STRUCTURE. 
PBOCITrVE ELEMENTS. 

Originally deposited as beds of s 
material, the Pinal formation befor 
its change to schist was folded ai 
faulted; but all traces of bedding 
appeared and the schist is so unifo: 
acter as locally to give no clew to 
stratigraphic structure. Accordini 
eration of recognizable structuri 
starts from the conception of the ] 
as the homogeneous and fundan 



M 



i I 



OBOLOOT OP THE MUUI DBTBICI. 



shown as figure 16. Apparently a fault with a 
tltrow of about 100 feet is crossed by the sec- 
tion, but no corresponding fissure has been 
noted in the porphyry at the surface. This 
section is about 100 feet west of the portal of 
the Sulphide tunnel. £ast of that tunnel the 
porphyry sheet becomes thinner and its under 
surface is more nearly horizontal than it is to 
tlie west, as is indicated by the relation of the 
schist and porphyry contact to the topography 
□ortheaat of the portal of the Sulphide tunnel. 
(See PI. XXXtX.) ' 

The porphyry mass lying between the Bull- 
dog and' Sullivan shafts is for the most part 
south of the ore zone and has not been pene- 
trated by many drill holes. Consequently its 
shape is not well known. The northern 
boundary of the mass is irregidar, and the 
porphyry extends many tongues and one con- 
siderable dike, that of the Miami mine, into the 



FiausB 16.— Oeoloelc solloa on live Oak aunUnaW line K. 

schist. Some information on the character of 
this contact is furnished by the sections across 
Inspiration Ridge shown in Plate XLI. The 
drill-hole data upon which these sections are 
largely based leave much to be desired, espe- 
cially as to the extent to which faulting has 
determined the form of the porphyry body. 

In general the contact dips south, and ])art of 
the porphyry' thus overlaps the schist. It is by 
no means certain, however, that all the por- 
phyry north of Liveoak Gulch rests on schist. 
There may be places where the eruptive rock 
continues down to that indefinite region of 
great though unknown depth whence the 
magma came. 

The mass of schist in the vicinity of the No. 1 
or Captain shaft of the Miami mine apparently 
extends to no great depth and is probably an 
inclusion in the porphyry. There is some 
schist near the Captain shaft on the 80-foot 



level, but at the 135 and lower levels t 
ia in porphyry. Most of the Captain c 
is in porphyry, in part directly un 
isolated body of schist exposed on the 
On the other hand, on must of the 
levels schist is present in the northwes 
of the claim, although the rock at the si 
porphyry. This deeper -schist in the 
western part of the Captain levels is p 
continuous with the main mass of schi 
of the porphyry. The strip of porphyr 
in Plate XXXIX just east of the No. 
coincides in general with the barrt 
between the main Miami ore body i 
Captain ore body. Consequently there 
drifts under it. 

The main ore body of the Miami mini 

is chiefly in schist, is bounded generall; 

southwest by granite porphyry. The 

! appears to have been originally an ii 

contact, but there has been c 

able later disturbance, and ii 

places porphyry and schist are 

together. The general dip of t 

tact is northeasterly, steep n 

surface but much lower un 

Miami ore body. The No. 2 : 

the Miami mine, which was 1 

deep, is said to have penetrated 

porphyry for a few feet when 

stopped. 

From the rather fragmenta 
available it appears that the lobi 
phyry exposed on the south slope of Ins 
liidge between the Bulldog shaft on t 
and the Gila conglomerate on the east 
ably in the main a thick sheet very in- 
intruded into the schist along its margi 
the north the schist appears in genera 
under it. Half a mile west of the 
Miami, on the other hand, the schist 
to overlap the porphjTy from the oasi 
thick this porphj-ry may be near the c 
the lobe, say at the portal of the Ins 
tunnel, it is impossible to determine 
drilling. 

EFFECTS OF FAULTtNG. 
In common with the region of whic! 
part, the Miami district contains ni 
faults which probably are not all of i 
age and which certainly are not susco] 
systematic grouping. Although the « 
for the existence of most of the faults 
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tiat actuallj waa depre 
the fault and that the 
ore than 700 feet. 1 
insideraidy more is su 
lickness, over 2,050 fe 
und ia drilling hole No. 
out 2,500 feet from tb( 
sure. 

e surface the Miami fau 
I underground expoai 
ial appearance alone i 
he con^omerate and i 
ted as tbe result of tl 
rse gravels against a : 
act been suggested by 
h not, so far as I am 
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le vohiine of the conglomeratic material 
•een removed from at least a large part 
e area in which older rocks are now 
ed. 

st of the town of Miami there is an offset 
rat 1,000 feet in the course of the Miami 
the southern portion of the fissure being 
^ely shifted to the east. This offset 
^Is. XXXIX and XL) is interpreted as the 
of a yotmger cross fault. If this younger 
is a normal fault, it should dip northeast 
oduce the offset observed. No satisfac- 
exposure of this fault could be found, 
1^ is shown on the geologic map as a hypo- 
;al or inferred dislocation, 
the Miami mine the Miami fault is not 
11 exposed as some others of less structural 
lance. Between the main plane of 
ment and the ore there generally inter- 
more of less barren leached scbist, and 
q[uently many of the east drifts stop before 
reach the main gouge, some of them at 
liary slips in the footwall. Where they 
the main fault heavy timbering and 
l&ggii^ ^^ necessary to hold the ground, 
pportunities for observation are thus lost, 
"tbeless good exposures of the fault are 
seen at a few places. On the 570-foot 
the south haulageway from the No. 4 
which is in the Gila conglomerate, goes 
gh the fault just before the ore body is 
ed. Here the principal plane of move- 
next to the conglomerate, is marked by a 
seam of tough gouge. On the footwall 
st side of this gouge, as measured along 
rift, there is about 25 feet of crushed 
:ed schist separated by a second seam 
uge from the ore. Still other seams of 
I traverse the ore in this part of the mine, 
1 general the schists which constitute the 
all of the main fault fissure are cut by 
subsidiary fissures. 

) north haulageway from the shaft shows 
complex relations. In going west from 
aaft the drift passes from the Gila con- 
nate through a strong fault gouge into 
shattered dacite, mingled with fragments 
ddizcd schist. After passing through 
, 100 feet of this material another gouge 
letrated and the drift goes into shattered 
sed and leached schist. Fifty feet farther 
third gouge seam separates this schist 
the ore. Apparently the conglomerate 
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m Haa Tidnity, «b in many otliia' parta of tiia 
region, is inul«iain by dacite, snd'ft dio^ ot tiat 
dairate, nioiii dbtttrbed, is boa inohidad in the 
iMilt Hms, Yritenaa most of the rock bu been 
oaniad down to tba eaai by tb0 f atilt di^Uoe- 
Bunt. l!lie lelstions at' this place mdicate 
tbat the Ifiami fault is, localb^ at feaat, a 
fairiy wide fault lone in wbich the total dib- 
fdaoement u-«ffected by sacoessiTe do«m steps 
^ the east. 

On tbe 420 level the Miami fault is also 
exposed near the point wbdre the drift firam the 
Ko. 4 shaft mtots the ror»-beaiing pound. 
tlm tbe Qiht omg^omrawte is sepazated feom 
fie schist by a seam of Um^t laatheiy; gouge 
fiiat in places is 18 inehn thick. The IomI 
4ip 9f the main fault fissure at Uiis |daoe is 35°. 
Tfxtm 40 to fiO feet weat at tiie main f atth Mir- 
Jace is a sactmd strong fisBUre which in tbis p«tt 
of the mi^ Inoifs tite ore body .fRi tUs %ast. 
llur tvft fissures are approximaiity parallel, 
and-belnreen tium is diattered raB^'sobiat. 
Ibat mtibh of the morement along the l£ami 
fault Kone is later than the mri^anant that 
pcodnoad the ore body is shown by the fact 
tiiat a part of the gouge is triturated oiddiaed 
"e^tjang." 

Other faults occur in the ground opened by 
Qie Miami mine and have been locaOy important 
in determining the shape of the ore body. 
These faults, however, are very obscure at the 
surface and can more appropriately be described 
in connection with the ore hody than with tiie 
general geology aa represented on Plate 

xxxrs. 

On the Inspiration ground an obscure fault 
can be traced rather indistinctly and inter* 
ruptedly on the surface from the vicinity of the 
Joe Bush shaft, where it brings together granite 
porphyry and schist, to the Scorpion shaft, 
on the north side of Inspiration Ridge. The 
general course of this fissure is N. 62° W., and 
the dip, as shown by the position of the fault 
on the third (3580) level and second (3440) 
Bublevel, ia about 85° SW., although measure- 
ments made directly on the fault suifaces 
generally give angles considerably lower than 
this. The fault, known aa the Joe Buah fault, 
is conspicuous on the levels mentioned, the 
fissure for about 1,500 feet in the eastern part 
of the third level separating barren porphyry 
on tlie southwest from ore-bearing schist on the 
northeast. Farther west on this level, at about 



H in a t fl lii iel02Jea(rt,ttwfaoltpwil 
ire body and iooa]d;n4t»i.thetnM^ 
raced, with, certfiaty west of eoocdi^ 
LOl.east. 

eastern i»rt ^ tfaa mine, aew eoat- 
i esst, the Joa>Bwih lauH is^aetl^ 
ar faoH' of gmaaJif maibmKb stoflb 
beast dip. The lOset: of this cnMi 
» dis|4aoe tbe^jwrt of: tbe Joe Bwh 
i.liea BoutiuMst of it About 100< felt 
ntheast. Tbe idi<|>l|Kwmwnt by tlw 
b ia thus iq^Mreoti^f notmaL H tba 
t WM ft pure 49 1^) ti>B throw mnrt 
in the Bei^l^oibood «f 300 f set. 
uetnral rigajficaace of the Joe Bush 
vfram.daafe A ocBsiileraUs part 
reflaefttttlMatwaasnbeeiinflDttothe 
of Uw In8|dralint on body, and aa 
» limits tbAt body ahaipfy for a die* 
bont l,fiOO feet, Uie ttqvpoaititHi diat 
>r Wae ecane «M ihmiiiiImiiu ou its 
aide appean wiell feWided. DtiD 
lat mde of it, however, go into protote, 
ddatuse whatever hu been fotoid to 
bai «ny part of th4'«n bee been 
y Hiis fault bcAowtbti^^iiHnl fevd of 
a Inapiration ore bo^. The most 
> bypotbeeis appears to' be that tbe 
1 ia a reverse fault and that any ore 
y have lain on its southwest side has 
ively uplifted and has been eroded 

1 the Colorado shaft and tbe Eey- 
t (see PI. XXXIX) is a zone of strong 
ommonly known as the Bulldog f aul^ 
shaft of that name. The general 
ibis zone is nearly north, and the dip 
the east. The dip and strike, in con- 
itb tbe steep slopes of Inspiration 
uld account for most of the apparent 
of the fault as drawn on Plate 
hut the surface relations of the 
obscure, and it is probable that the 
ant has been effected along two or 
rsecting fractures instead of mainly 
ogle fissure as indicated <m tbe map. 
e fault crosses the ridge there is a 
die, within which a small mess of 
i been let down into the schist be- 
hranches of the fault zone. Here are 
linent outcrops of fault breccia. One 
shows a smooth regular aurface of 
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aUpping, whicfa, however, does not appear to 
ocnncide in strike and dip with the main fissure. 
Underground workings show that the ground 
west — that is, in the footwall— of what has 
been considered to be the main fissure is badly 
cut up by many subsidiary faults, some of 
which are nearly horizontal. 

The general effect of the Bulldog fault zone 
has been to displace the ore body so that the 
ore of the Inspiration mine, east of the disloca- 



geologic map (PI. XXXIX) and i 
scale. The map and diagram si 
together. One of the larger f aull 
of the district is indicated on th 
the Live Oak faidt. Its gonei 
nearly north, but its intersection 
face is an irregularly curA'cd lin 
tions being due in part to the cc 
a westward dip with strong topoj 
The dip, as determined by drill 




?^GURE 18. — Diagram shovving surface relations of rocks near the Live Cak No. 2 shaft. 



tion is from 450 to 500 feet lower than the ore 
of the Keystone mine, west of it. 

West of the Keystone shaft faulting is 
structurally important, as is evident from the 
distribution of the rocks shown in Plat<? 
XXXIX. The stnicture in the \'iciiiitv of the 
Live Oak No. 2 shaft has somt* very puzzling 
features and can probably bo best described 
by reference to the accompanying diagram 
(fig. 18), which was constructed from the 



pears to be about 75°, but there 
sures of the fault surface. West 
the structure, so far as can be s 
surface, is comparatively simple 
broad mass of the Gila congloi 
rests along its nortliern edge o 
along its southern edge for the 
schist. East of the fault lies a m 
fault blocks, in which ap])ear fr 
of the dacite and conglomerate 
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I swtlons of the Live Oak gmiiid baaed m drill noorda. ^.SecUtn m caciUoate Ubb 30 (sea FLXLO); 



I is overlain by some of the Gila con- 
rate. Here again the vertical throw can 
7 have been great, although the block 
rs to have undergone some rotation, as 
.tcd by the steep westward dip of the 
imerate. Block H appears to have 
«d relatively to block C, as shown by 
brupt ending of the dacite against the 
« porphyry, and block G is apparently 
'urther downthrown. Blocks C and A, 
mainly porphyry at the surface, do Dot 



blocks east and west of it, as shown by the 
Gila conglomerate along its western edge. 

The Gila conglomerate in this inunediate 
vicinity rests normally on the eroded surface ' 
of a flow of dacite, but in block D the conglom- 
erate overlies the Final schist, which in turn 
overlies dacite. Surface exposures are not 
locally satisfactorj-, and their evidence alone 
might be considered as inadequate to estab- 
lish BO anomalous a vertical sequence; but 
drill holes 57 and 34 (see Fl. XUI and fig. 19) 
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go through 35 and 60 feet respectively of 
schist and then through the same layer of 
dacite that crops out in the ravine east of the 
live Oak No. 2 shaft. 

Three hypotheses have heen considered in 
searchii^ for an explanation of the apparent 
superposition of schist on the much younger 
dacite. These are: (1) The superposed schist 
is actually clastic material, possibly in part 
of landslide origin, and is to be regarded as a 
basal accumulation of schist fragments in the 
Gila conglomerate; (2) the dacite, where it is 
overlain by schist, is not a flow but is an 
intruded sheet; (3) the schist was thrust over 
the dacite by faulting prior to the local normal 
faidting. Definite elimination of two out of 
the three suggestions has proved imexpectedly 
difficult, and discussion of these hypotheses 
will be deferred until all the pertinent facts 
have been described. 

The surface of the wedge-shaped block E is 
covered generally with the Gila conglomerate 
but is crossed by a narrow and rather obscure 
outcrop of dacite. This little strip of dacite 
is supposed to be the top of a very narrow 
minor fault wedge which is slightly upthrown 
with respect to the rest of block E. The 
south boundary of block E is rather indefinite 
but apparently coincides with a fault or zone 
of faults that brings conglomerate on the 
north against schist on the south. Such a 
fault would be in the line of prolongation of 
the sulphide fault, as known to the east, which 
separates blocks A and J. Drill holes 66 and 
53 penetrate the conglomerate of block E and 
show it to rest on dacite. 

The direction of dip of the Sulphide fault is 
not certainly kno^^^l. At the mouth of the 
little gulch in which Ls tlio Live Oak No. 2 shaft 
the fault fissure dips north at angles ranging 
from 75** to vertical. A little farther oast the 
dip is 55® N. Here about 1 foot of gouge and 
breccia separates the porph}T\' and schist. 
Still farther east, near the portal of the 
Sulphide tunnel, drill hole 42 (live Oak) is 
said to have gone through 50 feet of porphyry 
and then into scliist. As the hole is close to 
the line of the fault and the schist at the sur- 
face is north of that lino, tliis would indicate a 
dip to the south. If tho fault is normal and if 
the porphyry on the south side of Livooak 
Gulch was once directly continuous with the 
higher porphyry on the north side, then the 



general dip of the fault 
south. 

Drill holes 64, 41, 691 
in or very close to the ft 
separate blocks E and I 
their records is therefo 
Holes 85 and 84 are of 
terest. Hole 85, appar* 
east-west fault zone, wc 
scliist into dacite and ( 
207 feet, to the bottom 
200 feet east of hole 85, 
of schist and then thro 
into granite porphyry, 
to be a few feet north of 
35 feet of conglomerate 
through the fault plane 
in that rock for 365 feei 
schist. 

Block G, separated fr 
by the strong Live Oa 
tively large structiu*al m 
ficially of the Gila c 
dacite exposed in the { 
Oak No. 2 shaft and 
hole 85 is believed to 
upon which the conglo 

Southwestern Miami 
88), situated at the poii 
Montezuma, and Bam 
together, about 500 foe 
fault at the surface, wc 
conglomerate, 105 foot 
schist, 125 foot of dacit 
to the bottom. In this 
of the lower dacito is at 
at an elevation of aboi 
sea. Chalcocite is rope 
of the lower dacite to t 

Southwestern Miami 
feet nearly south of hoL 
lower body of dacito. 
hole is reported to go t 
is liighly improbable, 
the conglomerate area, 
is probably a lacios of 
sisting cliiefly of scliist 
to 310 feet the rock Is 
conglomerate. Below 
schist, the upper da< 
absent, then 60 feet of 
feet of scliist to the bo 
are graphically represer 
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o^^Brlying schist, and, above all, the occurrence 
as in hole 6 of the Southwestern Miami group 
of dacite both in its normal position just under 
the Gila conglomerate and also at greater 
depth under what is imdoubtedly schist in 
place, all render this first suggestion improba- 
ble as a complete explanation of all the puz- 
zling relations in this locality. 

The suggestion that the dacite is in part 
intrusive is attractive because it offers a ready 
explanation of' structural irregularities and 
avoids the necessity of attempting to inter- 
pret complex faulting from inadequate data. 
Against it, however, may be arrayed the fol- 
lowing considerations: (1) The dacite, although 
it has been studied carefully over two quad- 
rangles and has been examined at numerous 
points in the outlying region, has nowhere been 
found intrusive, although of course it must 
somewhere have had direct connection with 
intrusive magma. (2) The dacite exposed at 
the surface in block D has the same petro- 
graphic character as rock known to be extru- 
sive. It might be said that the dacite visible 
in block D is extrusive and that the supposed 
schist in the same block is part of the Gila 
formation, whereas the deeper dacite in block 
G is, on the- other hand, intrusive. This does 
not appear highly probable but nevertheless 
is a possibility to be reckoned with, and as the 
deeper dacite has been seen only in the form of 
drill sludge its petrographic character can not 
be considered as accurately known. Micro- 
scopic examination of the powder indicates, 
however, that this dacite contains glass, which 
is suggestive of extrusive rather than intrusive 
eruption. 

In support of the third suggestion, that the 
schist and overlying rocks have iu places been 
thrust over the dacite, may be adduced the 
fact that a number of dislocations of this 
general kind are known in the district. In 
the Keystone mine nearly horizontal, undu- 
lating seams of gouge and zones of brecciation 
are prevalent. Some of these are apparently 
the result of considerable displacement, but 
this, owing to the character of the rock, is not 
measurable. Similar low-angle billowy sur- 
faces of displacement are exposed in the Taylor 
and Mercer tunnels, in the hanging wall of the 
Bulldog fault zone. At the Old Dominion 
mine, near Globe, shattered pre-Cambrian 
quartz diorite (Madera diorito) ovcrhes dacite, 



much as the schist does at the Live Oak mii 
According to an earlier report,^ 

The piindiMkl expoflures of this material extend fn 
Copper Gulch, half a mile east of town, to the old Buffi 
smelter on Pinal Creek, a mile northwest of Copper Gul< 
The fiur^kce exposures are generally of such a charac 
that an observer might readily conclude solid Mad< 
diorite to be in place beneath thom. Some of the ravi 
sections, however, as well as mine workings, show tl 
the diorite occupies a position at the base of the G 
conglomerate and rests on dacite. In some places 
actually grades into the characteristic flu\natile conglo 
erate, and the deposit was described in Professioi 
Pkper No. 12 as a local basal phase of that formatic 
The homogeneity of the material, however, and the ]a 
of evidence indicating water transport of much of it w< 
recognized as facts imperfectly accounted for in t 
explanation offered. During the past eight years t 
granitic deposit has been much exposed in road and ra 
way cuttings and in underground workings. It appei 
in some of these new openings as a thoroughly shatter 
mass, in which the laigest single fragments observed s 
from 5 to 6 feet in diameter. Wherever penetrat 
underground the material shows the same thorough sb 
tering. Crosscuts through it, such as the lower dra 
tunnel of the Old Dominion mine, have to be close 
lagged. In one place, in Copper Gulch, the Gila cc 
glomerate may be seen lapping up over a slope of tl 
shattered Madera diorite, the contact between the t 
being definite* In other places the broken quartz diori 
has supplied so many angular or slightly rounded fn 
ments to the overlying Gila conglomerate that there 
a gradation between the two formations, and to this fa< 
together with the position of the quartz diorite abo 
the dacite, was due the former assignment of it to the G; 
formation. The better opportunities for study now ava 
able have suggested another h>'pothesiF, namely, tl: 
the shattered Madera diori to is a thin wedge that 1: 
been thrust over the dacite from the 8<^)uthwe8t by fau 
ing. Investigation has fully confirmed this \dew. Wh< 
ever a shaft has gone through the quartz diorite it is fou: 
to be separated from the dacite by a zone of triturati 
and slickensiding that is plainly due to fault movemen 
One of the best exjxjsures of this fault plane is U) be se 
in a small pnjspect tunnel about 2,000 feet northeast 
the Old Dominion smelter. This tunnel runs N. 15° 
for about 150 feet through the shattered Madera dior 
and then passes for 20 feet through a fault breccia in whi 
rounded polished fragments of the quartz diorite i 
embedded in a sheared gouge composed of triturat 
quartz diorite and dacite. This is separated from t 
solid underlying dacite by a smooth slip plane dippi 
37** SW. The course of events was as follows: After t 
Paleozoic sediments and diabase liad been much fault 
and eroded, they were covered by the flow of daci 
This in turn was probably eroded and then a thrust V 
developed southwest of Globe, probably in the area n( 
deeply biuried under Gila conglomerate, and a mass 
the pre-Cambrian Madera diorite was shoved over t 
dacite to the north-northeast. The shattered mass th 

1 Ransome, F. L., Geology ut Globe: Min. and Sci. Tress, vol. 100. 
257, 1910. 

« The C shaft of the < id Dominion imno j>euctratc<l al>ont 250 feei 
loose shattered quartz diorlto before reaching the dacite. 
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ore bodies are due was effected during this 
period of denudation. There is no means at 
present of definitely fixing the geologic date of 
this erosion, but it is believed to be Tertiary. 

After the dacitic eruptions by which the 
country far and wide was buried under lava and 
tuff, the rocks were faulted and tilted, the en- 
tire aspect of the land was changed, and the 



streams began the active cutting and transpc 
tation that are recorded in the Gila congloi 
eratC; supposedly of early Quaternary ag 
There was some faulting and deformation 
this conglomerate, followed by the strea 
cutting of the present erosion cycle and t] 
stripping away of the conglomerate from 
large part of the Miami district. 
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SCO feet higher than Ray. ] 
i, however, the crest rises boldl 

of Teapot Mountaia (PI. XI 
3et in elevation. This sumni 
u*acteristic ouUine which g. 
ax its name, is a prominent 
larly all parts of the district, 
in is capped with dacite ant 
1 point of a deeply dissect 
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bly frxun 100 to 300 feet above whftt may be 
considered the general level of the district. 

The area characterized particularly by this 
topography is of elongated earlike outline; its 
longer axis trends a little north of west, and 
the concave side of the area lies to the south. 
Its length, from the east end of Bay HUl to the 
saddle west of Last Turn Hill, is about 2 miles, 
and its greatest width is about three-quartos 
of a mile. Most of the area, which corre- 
sponds in general to that showing more or len 
metallization, lies between the lower part of 
Amanda Gulch and the upper part of Copper 
Canyon, on the south, and ^larkey Gnldi, 
on the north. 

North of Sharkey Gulch and to a less extent 
south of Copper Canyon broad, low, gent^ 
sloping spurs (see PI. XLV), which have evi- 
dently been formed by the dissection of super- 
ficial layers of stony or gravelly detritus, give 
to the basin floor a general smoothness which 
is in marked contrast with the craggy topog- 
raphy of the central area. 
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GEOLOGY. 
VOBICATIONS BSPBB8XNTXD. 

In the area mapped on Plate XLV pre- 
Cambrian rocks, mainly Pinal schist with a 
little granite and quartz-mica diorite, occupy 
most of the surface or are concealed under 
merely superficial deposits of much later age. 

Of the Paleozoic section only the lower part 
is represented ^n the district, mainly along its 
eastern border, where the Scanlan conglom- 
erate! Pioneer shale, and Dripping Spring 
quartzite are exposed in numerous small fault 
blocks. The Mescal limestone, although prom- 
inent in the mountain front east of Ray, does 
not occur in the Ray district as a mappable 
fonnation. It probably imderlies the Troy 
quartzite, which is exposed at the surface of 
one block in the northeast comer of the district, 
and a few small masses of the limestone are 
associated with the Dripping Spring quartzite 
and diabase at the east base of Teapot Moun- 
tain. The Devonian (Martin) and Carbonif- 
erous (Tornado) limestones do not appear in 
this area, although they are prominent in the 
vicinity of Scott Moimtain. 

Intrusive rocks of post-Paleozoic but prob- 
ably pre-Tertiary age are represented by dia- 
base, quartz diorite, and two varieties of 
quartz monzonite porphyry, distinguished as 
the Teapot Mountain and Granite Mountain 
porphyries, and by dikes, chiefly of quartz- 
mica diorite porphyry. The variable White- 
tail conglomerate and the ovorlymg flow of 
dacite that generally accompanies it both occur 
in the area mapped on Plate XLV. Tlie 
eruption of the dacite was followed by the 
deposition of the Gila conglomerate, probably 
in early Pleistocene time, and later Pleistocene 
time is presumably represented by the uncon- 
solidated terrace deposits, which appear to be 
better developed in the Ray district than else- 
where in the general region. 

DISTRIBUTION AND LOCAL CHABACTEBISTICS 

OF THE FOBMATIONS. 

The lithologic character of each fonnation 
represented in the Ray district has been 
described in Chapter III, and the facts of local 
distribution are graphically showTi in Plate 
XLV- Very little additional explanatory com- 
ment is necessary, therefore, to prepare the 
way for some consideration of the geologic 
structure. 



PINAL SCHIST. 

As Plate XLV shows, the prevail! 
rock is the Pinal schist, and this an 
tance is considerably increased if the 
tively thin deposits of Quatemar}^ 
which cover much of the surface we 
eral Creek, are disregarded. The scl 
over, as shown by its exposure in a 
fault blocks, is the prevalent fui 
rock of the northern part of the 
Spring Bange and as such is un 
present under most of the rocks exp< 
the eastern border of the Ray distr 

In the northern and eastern pai 
district the schist, as shown in Ch 
consists chiefly or wholly of metai 
sedimentary rocks. South of Copp 
is an irregular branching belt of scl 
appears to be a metamorphosed rhy 
Barcelona this belt disappears imder ' 
posits and perhaps abuts against 
quartz monzonite porphyry. At all 
forts to trace this exceptional variet;; 
eastward across the metallized area tc 
shaft No. 1 have been unavaiUng. A 
borders of the large quartz monzonite 
mass of Granite Mountain the schist, 
described on page 36, has undergone 
rnetamorphism in connection with 
sion of the porphyry. 

Mapped with the schist is a little 
area lying just west of Mineral Creel 
Americantown and Ray. This mass ; 
on the west and south by faults. 1 
tremendously shattered and is gener 
although it is nearly white on fresl 
It shows no recognizable schistosi 
general appearance is suggestive of 
weathered quartzite. It lacks the h 
typical quartzite, however, and in pi 
cidedly soft. The microscope shows 
portions of the mass to consist of 
quartz about 0.5 miUinieter in inaxiii 
eter, rather widely separated in a mat 
cite and quartz. Softer varieties of tli 
; tain more sericiU> and less <|uartz. '. 
grains, although more or less rounded 
show no evidence of havinty Ix^en sm 
water. Tlieir surfaces are rough, an 
penetrated to some extent by foils* 

In the No. 2 mine, on tlie 1775 
rock near the main shaft is a inuc 
and jointed schist, in which granulai 
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layers alternate with very fine grained, fissile ! 
sericitic layers. Under the microscope the 
granular layers show tlie same texture and 
constitution as the rock just described. Here 
there can be no doubt of its being part of the 
schist series, and it is apparently a metamor- 
phosed sandstone originally interbedded with 
thin layers of shale. 

PRE-CAMBRIAX INTUl'SIVE ROCKS. 

Intrusive rocks of pre-Cambrian ago in the 
Pinal schist are not areally important. On the 
edge of the area mapped (PL XLV), south of 
Sonora, appears the extreme north end of a 
large mass of coarse pre-Cambrian granite 
which extends southward beyond Gila River. 
(See PI. II.) In the northern part of the dis- 
trict between Teapot Moimtain and Rustler 
Gulch are a few small irregular masses of 
medium-grained, sheared, sheeted, and altered 
intrusive rock which is probably quartz-mica 
diorite. The largest body occurs in w^hat are 
known as the Red Ilills, where owing to the 
prevalent pyritization, followed by oxidation, 
the rock is not very easily distinguished from 
the schist. 

PALEOZOIC SEDIMENTARY ROCKS. 

The Scanlan conglomerate, Pioneer shale, 
Barnes conglomerate, and Dripping Spring 
quartzit^, as already mentioned, are exposed 
in a number of small fault blocks along the 
eastern border of the dl-^trict, in a manner 
thoroughly illustrative of the occurrence of 
these rocks generally in the much shattered 
Dripping Spring Range. There are three small 
masses of the quartzite in the northwest corner 
of the area, at the east l)a8e of Teapot Mountam. 
Tlit^se are intruded by diabases and are separated 
from the Pinal schist on the east by a fault (PI. 
XLV). A little Mescal limestone occurs on the 
top of the largest body of quartzite and as in- 
clusions in the diabase. Southeast of Ameri- 
(*antown is a small mass of rusty siliceous 
material, which, as stated on page 123, may 
possibly be ([uartzite. 

DIABASE, BIOTITE SCHIST, AND RELATED ROCKS. 

The character of tlie prevalent diabase of the 
region has been fully described on pages 53-56. 
It may be recalled that the rock is composed 
principally , of calcic i)lagioclase, augite, and 
olivine, in rather coarse and typically ophitic 
aggre<j;af ion. I)ial)ase of tliis kind is abund- 
ant in the ])art of the Dripping Spring Range 



northeast of Ray and north of Scott Moun- 
tain, but does not occur in close associatioo 
with the ore bodies of the Ray district. Hie 
diabase in and near the oro-bearing area has 
all been subjected to alteration whereby the 
augite, the olivine, and in many places the 
feldspar have been changed to aggregates of 
secondary minerals. 

Southeast of Ray is a body of diabase that is 
faulted on the southwest agaidst Pinal schist 
and passes to the east and north under dacite. 
This rock is massive and in general appearance 
closely resembles rather fine grained facies of 
the normal diabase. Closer inspection, how- 
ever, especially of unweathered material such 
as may be obtained from the dump of the 
abandoned Blue Bell shaft, on the ground of 
the Ray Hercules Copper Co., shows that the 
rock sparkles with minute scales of biotite, 
which suggests some recrystallization. Mi- 
croscopical study confirms this suggestion. 
Although the original texture of the diabase is 
still recognizable in thin section, the rock 
retains no vestige of olivine or augite. These 
minerals have been changed to aggregates of 
gre(*n aniphibole and greenish-brown biotite. 
The plagioclase crystals are in part cloudy with 
secondary crystal particles too small for identi- 
fication and in part replaced by aggr^ates 
of quartz, biotite, and green hornblende. In 
many places the hornblende and biotite pro- 
ject into and have partly replaced fairly clear 
and fresh feldspar. 

The biotite particularly h&s developed at 
the expense of the feldspars. In some speci- 
mens its formation has begun along cracks 
and has spread out irregularly into the walls 
of the fracture. The mineral also occurs as 
miimte foUs disseminated all through the 
altered rock. Magnetite has in part been 
alten^d t^) pyrite. Some of the rather abundant 
apatite of the original.rock remains unchanged; 
much apatite in slender crystals appears to 
be secondary. Epidot^, chlorite, and calcite 
are absent. The metamorphosed diabase 
fn)m the Blue Bell shaft and elsewhere shows 
chalcopmte in veinlcts and minutely dissem- 
inated in tlu> vicinity of joint cracks. Generally, 
whenever the altered diabase is fissured the 
presence of copper is superficially evident in 
the form of chrysocolla or carbonates. Most 
of the ore rep(»rt(Ml in tlic drill records of the 
Arizona Hercules Coj)i)er Co. as occurring in 
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ohibase is probably in rock such as has been 
'^%8cribed, enriched in part by the deposition 
of chalcocite. Altered diabase of the same 
general character has been found by under- 
ground exploration to lie just west of and 
under the ore body of the No. 1 and No. 3 
mines. This is apparently an intrusive sheet 
which dips gently northeast, imder the ore. 
It is not known at the surface. 

Similar local alteration of the diabase, 
outwardly evident from the sparkling appear- 
ance imparted to the rock by the abimdant 
secondary development of biotite, has taken 
place elsewhere in the region near the contacts 
with granitoid intrusive masses, especially at 
Troy and at the London-Arizona mine. There 
can be little question that the metamorphism 
at Ray is likewise an effect of the intrusion of 
one or both variants of the granite porphyry 
magma. 

The diabase dike on Ray Hill, in which was 
found the first ore worked at the Ray mine, 
before the possibilities of the schists were 
realized, is too decomposed near the surface 
for satisfactory petrographic study, and as 
it has not been recognized in the modem mine 
workings, no fresh material is obtainable. 
The rock is of finer grain than the prevalent 
diabase of the region, and the felted arrange- 
ment of the numerous small feldspar crystals 
as visible on weathered surfaces suggests a 
textural approach to basalt. Thin sections 
indicate that before decomposition by super- 
ficial agencies the rock had undergone the 
same kind of metamorphism as that just 
described for the diabase southeast of Ray. 

At many places in the No. 1 mine of the Ray 
Consolidated Copper Co. there occur in the 
generally rather uniform gray siliceous schist 
small bodies of darker and much softer rock, 
commonly spoken of as diabase. Some of the 
smaller of these cut irregularly across the planes 
of schistosity and are undoubtedly little 
irregular dikes. They are not themselves 
schistose, or only slightly and locally so, and 
close inspection of them reveals the outlines 
of small lath-shaped feldspars. 

Other bodies, some of which are of consider- 
able size, conform to the general structure of 
the schist, are of more or less lenticular form, 
and are thoroughly schistose. These masses 
are traversed by innumerable slippery joints, 
and as a rule the rock is too soft to afford good 



specimens for study. Owing to their softness 
and the readiness with which they are decom- 
posed, these masses of dark schist are elements 
of structural weakness, and accordingly have 
been subjected to much of the movement 
whereby stresses in the rock mass as a whole 
have been relieved. 

On fresh fracture the rock is dark gray and 
very fine grained and sparkles brilliantly 
from minute crowded faces of biotite. This 
material in places grades, through gray schists 
containing both biotite and sericite, into the 
normal siliceous, sericitio schist and appears 
to have imdergone the same process of meta- 
morplusm as that rock. In other words, it is 
apparently an integral part of the Pinal 
schist. 

This raises some difficulties of interpretation. 
For, although the dark biotite schist in the No. 
1 mine does not look much like diabase, it seems 
to be connected by transitional varieties with 
the altered basaltic dikes in the same mine, 
with the diabase of the Ray Central mine, and 
with the normal diabase of the region. Mi- 
croscopical study has supplied no criteria for 
separating these rocks. If all were originally 
the same, then, as the prevailing diabase of the 
region is post-Carboniferous, the dark schist of 
the No. 1 mine must be much younger than the 
associated sericitic schist — ^it must, in fact, have 
been intruded into the Pinal schist long after 
that rock had received its present schistose 
stnictiu'e and must then itself have been ren- 
dered equally schistose by a distinct process 
of metamorphism. This is scarcely credible^ 
An alternative and more probable view is that 
the biotite schist represents diabasic or ba- 
saltic material of pre-Cambrian age that was 
metamorphosed when the Pinal schist as a 
whole received its present general Uthologic 
character; and, finally, the apparent petro- 
graphic gradation of the biotite schist into the 
diabase is explained as the result of similar proc- 
esses of alteration affecting materials of differ- 
ent age but of essentially identical composi- 
tion. 

The fact that the soft biotite schist in places 
grades into or is interleaved with harder varie- 
ties containing much quartz and sericite sug- 
gests that the igneous material from which the 
biotitic schists were derived may have been in 
part tuffaceous, and thus have graded originally 
into siliceous sediments. 
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QUAXn ICOMZOKin POBFHTBT. 

Of th> two TMietJee of qa«rti monwaiita por- 
pfegny, tta Gruiito Moitntun porphyiy ooean 
•Imort vSkoDy in Uw Mnthnm hdf of t^ dia- 
trist, and the Teapot UoOntain parshyry ia 
(Ehanoteiktio of the northMm half . ' 

Thm prinapal bodjr of the Qranito MomUam 
porfiijTf b the trrefular intnMiTe nuwa wbatit 
makaa up nmoh of Oranita Mountain- (7L 
XLV). Eaat of it a niuller maaa ia azpeaed 
mat -atul lODth of Soiioca, and a atiU BBaDer 
body liea along the aontli nde of Bajf Bib. 
Other maaaH are dakAf Beaodated irith tfaa 
MetaBiieH adnat afea, and wtaAt^ tfaa coe of 
the Bay tSo. 1 mine aaams in the body of pov- 
pl^ry between Bay HQl and the town of Bay, 
l^iieh ia mqiped on Plate XLV: The amall 
forptyry dilna abundant near Humboldt SO 
and oeo orri og hen and dme in othv parta of 
the metelHaed eehibt ana, althon^ iOT tba nuMt 
part mnoh dtered, ^>pear to belong to the 
Oranite Hoimtain porphyry. 

The largest expoaure of the Teapot Moon- 
tain porphyry is on the ridge south of Teapot 
Mfnmt&in and west of the metallized schist 
area. Other irregular masses and some dikes 
of the same rock cut the Pinal schiBt north of 
Sharkey Oulch. A mass exposed near the 
mouth of Bustler Gulch is possibly part <rf the 
same body as that farther east, northwest of 
the Calumet shaft. (Soe PI. XLV.) 

WHITETAIL CONQLOMEBATE. 

The Whitetail formation is much tlucker in 
Teapot Moimtain than anywhere else in the 
whole region, so far as known. This Uuckneas 
has not been accurately measured but certainly 
exceeds 500 feet and b probably between 800 
and 1,000 feet. East of Mineral Creek, on the 
other hand, the formation is tliin, probably no- 
where in the district SO feet thick, and in places 
is entirely absent. (See PI. XLV.) 

The general character of the Whitetail for- 
mation has been described on pages 67-68. On 
Teapot Momitain (PI. XLIV, A) and on some 
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STRUCTURE. 

Staructurally the Ray district (PI. XLV) is 
divisible into two parts, separated by a line 
of division nearly coincident with Mineral 
Creek. The gencnral difference in structure 
as reflected in the distribution and relations 
of the rock formations oil the two sides of the 
creek is evident from a glance at the geologic 
map. On the east side is the structure char- 
acteristic of the Dripping Spring Range as a 
whole — a fault mosaic. The Paleozoic and 
older rocks have been intruded by diabase 
and cut by faults into polygonal blocks, for 
the most part less than one-fourth of a square 
mile in area. The displacement of these 
faults is in general normal. On the west 
side of the creek is a large area of Pinal schist, 
invaded irregularly by various intrusive rocks 
and covered extensively by terrace deposits. 
This schist is not wholly unaffected by fault- 
ing and b doubtless traversed by some faults 
that, owing to the fact that the same schist 
occurs on both sides of the fracture, have 
escaped recognition. On the whole, however, 
imderground work and the mapping of the 
intrusive masses and of the belt of rhyoUte 
schist south of Copper Canyon have brought 
out httle evidence of displacement, and it 
may safely be concluded that the country 
west of the creek has been less dissected by 
faults than the country east of it. 

The faults east of Mineral Creek are not all of 
the same age. Much displacement of the 
sedimentary formations undoubtedly occurred 
when the diabase was intruded, but little or 
none of that displacement is now recognizable 
as faulting, for most of the fractures formed 
at that time were invaded by diabase magma, 
and the blocks of strata were forced apart 
by the molten material. Most of the faulting 
appears to have followed the eruption of the 
dacite, and some of it was later than the depo- 
sition of the Gila conglomerate. 

Most of the geologists who have studied 
the Ray district in the interests of the copper- 
mining companies and some who have merely 
visited it appear to have accepted the con- 
clusion that the rocks east of Mineral Creek 
have been faulted down relatively to the 
rocks west of the creek. Spurr and Cox in 
their xmpublished report to the Ray Consoli- 
dated Copper Co. state that the country on 
the east side of the fault fissure has dropped 



perhaps from 1,000 to 2,000 
''Mineral Creek fault" or ''R 
been generally accepted as 
structural element of the disti 
writes: 

The Mineral Creek i&vHt separates t 
Paleozoic rocks from the schist. It i 
important structural break of the regie 
placement, and can not escape the s 
casual visitor. 

In a recent paper Spurr » ma 
ing reference to this fault: 

At Ray, Ariz., perhaps at about the sa 
as the phenomena at Dolores and Vel 
say, near the close of the Cretaceous — a 
of granite porphyry welled up from b 
earlier pre-Cambrian schists of the regie 
per district lies near the borders of this 
lying schist, which is cut by dikes 2 
from the main mass. There is no ovide 
ing before the period of intrusion, but 
intrusion fissiuring was begun. The ea 
of very slight displacement, and in th 
these the primary copper minerals wei 
crushed zones of schist alined similarl; 
Subsequent to the mineralization growt 
certain faults, especially along the great 
present main mineralized area was upl 
the coimtry on the other or east side, pei 
feet. Erosion attacked the uplifted bl( 
to the level of the other block, and Ten 
laid down upon the leveled country, 
the end of the Tertiary, the same bloc 
fault was again powerfully uplifted, pre 
thousand feet, and the uplifted area wa£ 
erosion. The Tertiary rocks were stri 
schists, and a Pleistocene desert-wash < 
Gila conglomerate, was formed. Later 
uplift of the whole region, and at the saj 
movement of a few hundred feet along 
block containing the main mineralized 
siding in contrast to its earlier repeated 

The evidence upon which res 
sion of movements amounting t 
feet along the Ray fault has not 
aware, been published or even 
in manuscript form. It appe< 
stantiaUy as follows: (1) The 
bution of the rocks suggests : 
of the creek is a fault mosaic s 
acteristic of the Dripping Spri 
surfaces of the many small 1 
Paleozoic and younger rocks, 
creek is a large and apparent! 

1 Tolman, C. F., Jr., Disseminated chalcocito > 

Mln. and Scl. Press, vol. 99, p. 623, 1909. 

* Spurr, J. E., The relation of ore doposition t' 
ogy, vol. 11, p. 612, 1916. 
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area of pre-Cambrian crystalline rocks cut by 
granitic porphyries. (2) East of the creek the 
dacite and the underlying Whitetail formation 
lie at comparatively low elevations and dip as 
a whole to the west. The dacite as exposed 
along the east side of Mineral Creek north of 
Ray IS in places less than 2,100 feet above sea 
level, whereas on Teapot Mountain, a mile and 
a half west of the creek, the base of the dacite 
(not exposed within the area covered by PL 
XLV) is apparently at least 4,000 feet above 
sea level. These relations, shown in section 
A«^A', Plate XLV, may be interpreted as the 
result of a 2,000-foot fault with downthrow 
to the east. (3) There is indubitable evidence 
of faulting along the general course of Mineral 
Creek. This evidence may now be critically 
examined. 

The general contrast shown by the rock dis- 
tribution on the two sides of Mineral Creek, 
striking enough in a hasty glance at the geol- 
ogic map, partly disappears on closer exami- 
nation. There are considerable areas of schist 
on the east side also, at the heads of Rustler, 
Jimmies Luck, and Bluebell gulches. More- 
over, the Paleozoic rocks represented are 
chiefly the Pioneer shale and Dripping Spring 
quartzite — ^that is, the basal part of the 
Apache group. The Troy quartzite and the 
Devonian and Carboniferous limestones ap- 
pear in force just east of the area mapped in 
Plate XLV, and generally higher in the Drip- 
ping Spring Range. In other words, anyone 
descending the steep western slope of that 
range and continuing westward over the Ray 
district would in general, and so far as con- 
cerns the Paleozoic and pre-Cambrian forma- 
tions, cross successively older rocks. There 
would be local exceptions due to faulting, but 
the general succession would be stratigraphi- 
eally downward. Such being the case, not 
only does the rock distribution make no de- 
mand for a profound faidt along Mineral 
Creek, but rather it discredits the supposition 
that such a fault may exist. If the rocks to 
the east had been dropped 1,000 feet or more 
rda-tively to those on the west there should be 
found just east of the dislocating fissure some 
of tlic higher beds, such as the Martin lime- 
uUnuif not more schist with rocks that nor- 
ifuJIy bdong just above the schist. 

TIh4 gfsneral relations between the dacite 
Mt$il WhiU^tftil formation west of Mineral 



Creek and the same formations east of the 
creek are shown in Plate XLV. If, as is 
apparently the case, these two formations lie 
nearly horizontal on Teapot Mountain, the 
obvious interpretation of sectioil A-A' is that 
the rocks east of Mineral Creek have been 
faulted down. The dacite on Teapot Moun- 
tain is not shown in the section, as it lies just 
outside of the area mapped, but the elevation 
of its base above sea level is estimated at 
about 4,000 feet. The same rock just east of 
Mineral Creek is less than 2,100 feet above 
sea level. This difference, in accordance with 
the fault interpretation, would give a minimum 
throw of 1,900 feet. In connection with what 
is known of the general geology of the r^on 
and in the absence of any conflicting evidence, 
this would be a very natural interpretation to 
place upon the facts as presented in the sec- 
tion. 

Other interpretations, however, are ]>ossible 
and, in the light of what follows, are perhaps 
more probable. It is to be observed that the 
attitude of the Whitetail formation, dacite, 
and Gila conglomerate north of Ray (PL 
XLV) is generally synclinal. The syncline is 
irregular and is further distorted by faulting, 
but apparently here is one of the few places 
in the region where the rocks have bent rather 
than fractured imder stress. Along the west- 
em margin of the syncline the beds in places 
are steeply upturned, supposedly as a result of 
drag along fault fissures. It does not seem 
likely, however, that the structure as a whole 
can be merely a local accompaniment or 
result of fault movements. If not, then gentle 
folding with perhaps minor step faulting can 
accoxmt for the difference in elevation between 
the dacite west and east of Mineral Creek. 

That there is more or loss faulting along 
and near the course of Mineral Creek is un- 
questionable. It remains to inquire how far 
this faulting supports the view that the creek 
is approximately coincident with a zone of 
profound displacement. The examination of 
such facts as are brought out by detailed 
mapping may conveniently begin in the north- 
em part of the area shown on Plate XLV and 
proceed southward. 

Near the mouth of Rustler Oulch pre- 
Cambrian intrusive rocks associated with the 
Pinal schist are separated by a narrow strip of 
dacite from the GUa conglomerate to the east. 
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The dacite strip appears to be the surface of 
a fault block. The throw of the fault which 
brings the dacito against the Gila conglomerate 
is probably not over a few hundred feet, for 
the conglomerate normally rests on the dacite, 
as maybe seen half a mile above the mouth of 
Rustler Oulch. The fault along the western 
margin of the block may have considerably 
greater displacement. Not necessarily so, how- 
ever, for in the upper part of the gulch the 
dacite and a rather thin layer of the Whitetail 
formation rest on Pinal schist, and a throw 
of 100 feet, enough merely to cut out the White- 
tail, could easily account for the observed 
relations near the mouth of Rustler Oulch. 

About a third of a mile south of Rustler 
Gulch, on the west slope of the 2,376-foot 
dacite knob, the lower of two prospector's 
tunnels goes through 165 feet of schist into 
dacite, and the relations of the two rocks 
indicate a throw of at least 75 feet. Some of 
the dacite cut in the tunnel in black and glassy, 
such as is usually characteristic of the basal 
portion of the flow, a fact which suggests only 
moderate displacement. At least three gouge- 
filled fissures, of which the most pronoimced 
dips 55^ E., are exposed in the tunnel. Both 
dacite and schist are much broken and dis- 
turbed, and beyond clear demonstration that 
some faulting has taken place and that the 
dacite as a whole has been dropped to the 
east the timnel gives no satisfactory evidence 
as to the character and extent of the move- 
ment. South of the tunnel the two main 
fault fissures which limit the block of dacite 
come together and, with a branch fault, dis- 
appear under the alluvium of the Mineral Creek 

valley. 

About halfway between the tunnel just men- 
tioned and the town of Ray another fault, 
striking north-northeast, offsets the western 
border of the syiicline in the dacite and Gila 
conglomerate north of Ray. The throw of 
this faidt is probably not much over 100 feet. 

Four fault fissures just north of Ray are 
shown on Plate XLV. Three of them partly 
inclose an area of dacite, and the fourth cuts 
diagonally across that area. Little informa- 
tion is obtainable concerning these faults, 
which apparently are not of large displace- 
ment. The only one which could have a 
throw of more than a few hundred feet is the 
one which brings dacite against schist, just 



north of Ray. The direction c 
however, is not that to be exp 
"Mineral Creek fault." 

South of Ray the "Mineral < 
appears to be represented by tl 
ward continuation of the dia{ 
referred to in the preceding para 
is a well-marked fault, but there 
indicate that its throw is large, 
feet northeast of the outcrop of 
on the Sooner claim, the No. 21 
the Arizona Hercules Co. pom 
depth of 1,062 feet. Between t 
885 and 935 feet was found 50 fo< 
cent ore. This ore is about 4C 
than the depth at which the ore 
Arizona Hercules or Ray Herculog 
of the fault would intersect the 
projected eastward. In other wo: 
body is faidted, the throw at th 
not exceed 400 feet. Hole 13 
Hercules Copper Co. is situated 
slope of the 2,203-foot hill just r 
from 200 to 300 feet northeast 
shown on Plate XLV as cuttin 
across the dacite area north of I 
hole, which is 1,089 feet deep, ore 
as occurring at depths of 260 tc 
350, and 835 to 845 feet. Even o: 
supposition that the thin deep 
same as the main ore body west 
the throw could hardly exceed ( 

East of the Ray No. 1 shaft th( 
tioned in the preceding paragraph 
a fissure of more northerly tre: 
twnx disappears to the south un 
About the mouth of Amanda ( 
southeast comer of the area maj 
recognizable as the '^Mbieral Ore 
been foimd. Just south of the ; 
west side of Mineral Creek, the 
has been thrust from the soi 
the Dripping Spring quartzite. 
strii)ped the schist from the har 
exposing a considerable area of tl 
the thrust, dipping 45° SW., 
Plate XXVIII, B. The throw 
to 400 feet, but no accurate*, es 
displacement is possible. Acr 
imnamed gulch south of Aman 
line of the overthrust is conti 
contact of the GUa conglomer 
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dM ttpptmaamni being & luH, bat it w iwi»- 
dUe that the c4Higlinai«t«te was origlttU^ 
d^odtad ■«g*iist «u^_a_MriptMa footiMit as 
Vihoimia Plate X&VUi, fi^. ' ' 
• EpomttMibiagcwigfaots amtnatebleebn- 
«h)Hl(m..liprau to be that altheof^ Iftunl 
Omik; ia- m^.Toafsii mj marks the-^ruioii 
betvMn * much fralted ngioa on tbe mM 
flinl'^t kin fbaltod ngkm tm the- west, and 
UtibtMi^^tUeniaiiadBdlitediuilting'^iagtlie 
gmanl casBM. eC tlu ondE,^ there is iu 
pgtttaBnd ■ faalt eoincident with'this tine' -df 
djjiridon. 'Kb bonndaiT^ between tbe Mtf 
rtnwtmidi ttii hiJunie ■ aj die>di8triot is naifced 
^ Qob^MHratiTel^ ahorfe ibtflneoting ftndts'iof 
inoderate^j^Uomeat-aadofthiaeambgMMiwJ 
ohanastflcab Uwee. fondant idmgUie easietb 
hVBAtKpi tbe:area tttapped on Flate XLV and 
in^,th&.Ptii^^ SpnnS Bange aa a whxAb. 

■ ;Thfa».f«atitra o{ the BtrQetarebaa bean oeo- 
qidlDnd^ At sanili:lmigll^ for the eharaetir and 
aeii.4f tbefaolting lAong IfiiMnd Cte^k'baTB a 
bfwring (m tbQ.'peesiUe extension of on bodiflB 
ta the east aodoa tbe interpntition of ^nU 
iMwdfl. Both.'vilkngard to tbe extent of 
flie.moTement along tbessppoBed IGaval 
Creek or Bay fault and^ as will iq>pear later, 
with regard to the time and charact^ of sneh 
^placement as may have occurred along the 
general line of Mineral Creek, the conclusions 
reached in the present report differ from those 
set forth in the quotation given on page 127. 

In the vicinity of Humboldt Hill two per^ 
mstent fisBiu-es cut the schist and probably have 
been associated with considerable displace- 
ment. One known as tbe Sun fault has a 
nearly northeast course from the Tribunal 
shaft through the Mathiaa & Hall shaft, ter- 
minating apparently just east of the hill, 
against the second fissure, known as the 
Sharkey fault, which has a nearly northwest 
course. The Sharkey fault has apparently 
brought about the erosion of the saddle just 
west of the summit of Emperor Hill, passes 
west of the Htmiboldt and Sharkey shafts, 
and curves west toward the Flux shaft. 
Inasmuch as these fissures are entirely in 
schist, whatever structural importance they 
may have is not evident. They are of some 
interest, however, in connection with the ore 
bodies, and their characteristic features, as 
seen imderground, will be described later. 



Tbm lurestet BehiM siufaee iU'dw Bay db* 
bie^ vbile it undoubtedtj^owee itA'to]i<ijgrapld« 
laataree to Quatemary cnxSM, bas not M'a 
wbole been wy gnatiy rtdneed b«lov i 
raifaoe Uiai adsted in Tertiuiy lime. A vieiir 
evw the oentral part oi tike dkrtriot Unrinl 
Teapot Monntam, eneh as that of Rate 
XLin^ B, indicates very deatly titat tbe 
Wbitetail formation exposed on the steep 
slopes of the mountain once covered tbe 
copper-bearing area. The Wbitetail in torn 
was covered by the dacite. It was only after 
the removal of these rocks that erosion of the 
schist could again proceed. To what extent 
the schist had been uncovered before the 
deposition of the Gila conglomerate began and 
how far that conglomerate extended over the 
present schist area can not be determined. 
The terrace deposits, more conspicuously 
developed in the Ray district than elsewhere 
in the general region, represent a period when 
the streams were locally overloaded. Whether 
this was due to an increase in the quantity of 
detritus to be moved, a change in climate, or a 
lessenii^ of stream gradients by earth mov^ 
ments is not known. Recent erosion hss 
dissected the terrace deposits and etched out 
the rough ravines through which stonn waters 
now escape to Mineral Creek. 

Although it happens that most of tbe mining 
by tbe Ray Consolidated Copper Co. has been 
done under two hills, Ray I^ and Humboldt 
Hill, there apparently is no constant or 
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significant relation between the topographic 
details of the present surface and the occur- 
rence of ore. The ore is thick under Humboldt 
Hill, but it is both thick and of comparatively 
high grade under the lower part of Copper 
Gxdch. In certain details of erosional sculptur- 
ing the fact that the rocks contained dissemi- 
nated pyrite, with its train of chemical 
consequences, appears to have left its mark. 
It has not, however, proved possible to de- 
termine from the Work of erosion at any one 
place the result of the physical and chemical 
processes of enrichment directly beneath. 



Owing apparently to variation in hardn 
or induration from place to place, the G 
conglomerate in some localities has b< 
shaped by erosion into forms hr.ving little 
common with the even-crested branch 
spurs that flank the Final Range. Si 
exceptional products of erosion are the curi( 
rounded toweha'ttat are conspicuous featu 
along Mineral- Creek a' few miles below B 
(PI. XXrV)v These arc residuals of resists 
portions of the conglonierate left«'behind in t 
general recession of the conglomerate bli 
along the creek. : 
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Silver, — ^Native silver is not found in the 
ordinary ores of the Ray and Miami districts 
but occurred in a small vein with cuprite and 
duysocolla in the No. 3 (Ray Central) mine. 
Tins vein was worked near the surface in the 
early days of Ray, before any attention was 
given to the low-grade copper ore. ^ The part 
of the vein in which the silver occurred has 
been removed in the course of the modem 
stoping. 

Molybdenite. — ^The sulphide of molybdenum, 
easily recognized by its bright metallic gray 
color, lamellar habit, and softness, is widely 
distributed through the deposits both at Miami 
and Bay, although it is nowhere present in 
great quantity. In the Miami mine and in the 
N. No. 1 mine of the Ray Consolidated Copper Co. 
it is most abimdant in or very close to the gran- 
ite porphyry. In the Miami mine the mineral 
occurs in quartz veinlets which carry also 
pyrite and chalcopyrite. Here, as shown by 
the relation of the minerals to the walls of the 
"^ fissures (PI. XIV) , the order of deposition was ( 1 ) 
molybdenite and quartz, (2) quartz, (3) quartz, 
pyrite, and chalcopyrite, and (4) sericite in vugs. 

Molybdenite was observed in the Sulphide 
tunnel of the Live Oak mine, in schist just imder 
an intrusive sheet of porphyry. It was noted 
also on the dump of the Live Oak No. 2 shaft 
in 1914, but as these workings were temporarily 
closed at the time of visit no attempt could be 
made to ascertain the place from which the 
material on the dump came. 

In the ore molybdenite, unless more than 
usually abundant, might readily be overlooked, 
because of the lack of strong color contrast 
between it and the chalcocite. 

Galena. — Galena was not observed in the dis- 
seminated copper ores in the course of the 
present investigation, but, according to Mr. 
C. E- Arnold, assistant mine engineer of the 
Inspiration (!)onsolidnted Copper Co., it has 
been reported by one of the shift bosses in the 
eastern part of the Inspiration workings about 
70 feet above the 300-foot level. It is certainly 
very rare in these deposits, if it occurs at all. 

Chalcocite. — Copper glance, cuprous sulphide, 
is the essential mineral of the disseminated 
copper deposits in the Ray and Miami districts. 
It is wholly secondary and has been deposited 
by descending waters partly at the expense of 
older sulphides, particularly of p3Tite and chal- 
copyrite. The ores exhibit all gradations from 



pyrite crystals coated with a thin film o 
cocite to complete pseudomorphs and 
veinlets of the cuprous sulphide. 

The chalcocite occurs most characteris 
as small specks disseminated rather gei 
through the schist or porphyry of the on 
but distributed particularly along i 
planes of fractiure and to some extent 
planes of scliistosity. It also occurs as d 
veinlets, rarely 6 inches wide. Nimaerouf 
veinlets, for the most part less than h 
inch wide or thick, constitute a consici 
part of most of the ore. Many of these v 
when broken across show numerous n 
granules of pyrite. 

As seen in freshly broken ore the cha 
is of compact textiu'e, bright gray colo 
metallic luster. In these respects the 
the Ray and Miami districts differs froi 
of the Santa Rita (Chino) district, N. M 
which the chalcocite is generally dull, 
metallic brightness is lost on slight weat 
or on attack by underground solutior 
sulphide becoming coated as a rule 
mdaconite, the black oxide of copper. 

Chalcocite pseudomorphous after pyri 
retaining accurately the form and striat 
that mineral is fairly common, especially 
Miami district. In some places the cha 
is a thin film on the p>Tite ; in other pla* 
pyrite has disappeared or is representee 
small kernel in the center of the pseudoi 
In the Miami mine some exceptional!} 
cubic crystals of pyrite, over an inch in • 
ter, were observed to have only a thin s 
chalcocite, and in general the large c 
appear to have undergone chalcocitic r< 
ment to a much less extent than the aggi 
of smaller crystals such as usually con 
the fiUing of veinlets or occur dissem 
tlirough the rocks. The replacement, ho 
is not merely peripheral but may proceed 
network of cracks. Characteristic sta 
the replacement of pyrite by chalcoci 
shown in Plate LIV, B and Oj and in figi 
to 23. 

Some chalcocite has replaced chalco 
but as the chalcopyrite does not as 
possess crystal form, the evidence of t 
placement is less obvious than for ' 
Moreover, as chalcopyrite is more readil 
verted to chalcocite than pyrite is, it 
frequently found as residual kernels. \ 
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thdcBB, as vin be wbowa iriioi the ores $n 
itomTinri. it !■ dear that a part of the chalco- 
cite in the ores Wm spaocB onoe ocKH^ied by 
dutfeoj^rite;- None of the ohalooeite eaen in 
the Bay or Miami distzietB haa its own external 

QK^ta] foiBL 

In many qieeimeaia of ore, eapeually eudh. as 
fasvei been taken from an exposed Btoek pib or 



trom waDs of a drift th^t luu been open lor 
ainpe timci, the dhalcooite is' corered witii a 
doD black film. &nBll specks of chaloocite are 
not only corered with a filni, but the dull 
dark-brown or black material has Bpread out 
from the original chaloocite speck as a tiny 
dendritic rosette. The original specks are 
thus enlarged, and the result is an ore appar- 
ently containing 
more chalcocito 
tJian is actually 
present. Thelittle 
rosett«s closely re- 
semble thef amiliar 
dendrites of man- 
ganese oxide foun d 
on the joint sur- 
faces of many 
rocks. When test- 
ed, however, they 
showed no manga- 
nese but gave a 
pronounced copper reaction. Tcited with a 
drop of 10 per cent silver nitrnte, they 
immediately began to precipitate crystalline 
metaUic silver. This is a useful test for 
chalcocite, serving to distinguish quickly this 
mineral from others with which it might 
be confused on superficial examination. It 



FiOuBI 22,— Alypioalgn 
with kermis ol pTitM- OmniM po^ 
phyry ore, sflcood level of the No. 1 
mine, Ray district. 



WW tboo^t ftt (me tone that the dull 
dendritio material mifi^t be melaoonite; boi 
pvre ooiaio oxide does not throw down sibvr 
fromeolution, vheseas ctquroua oxide (cafotBy 
doas.> This differ«ioe in bduvior. isntfliMd 
in the Zierrogd prooen of siker.^^notkai to 
determine the stageof oxidftUoji oi-lhe axgea* 
tiforooB matte, the ozidatien ai oiqirom to 
etqoio oxide being eonaidered. oompkte nduo 
spaiij^ of metallic ailver cease to ftppear:1^wo 
beatmeni of a sample vt th«tihaiga wUhboA- 
ing water.* ^ 

nwTOeettes, then, eaa hatOfy be,mtboosdto, 
flltkoB^ th^xo^ be.A'miictare oi e^proa 
■a^OudoModoiqxriooxide. ?%c9-ikretoo|niMB 



and too closely associated with chalcocite b> 
permit a reliable t«st for sulphur. 

Further details on the occurrence of chalco- 
cite will be found in the chapter on the ores 
(p. 156). 

Sphdlente. — Zinc blende, the sulphide of 
zinc, has not been observed in the Ray or 
Miami ores in the coiubc of the present investi- 
gation, and inquiry in both districts among 
those familiar with the mines and ores failed 
to discover any recognition of its presence. 
Tolman and Clark,' however, mention the 
occurrence of sphalerite in the upper part of 



■ The ordinary bleck oxide of copper supplied as a blovplpe iwfK^ 
does, howeTer, thro* down sllilet from arilTer nitrate lolntfcD, prrtsW 
bccaoM it contalna sotae tnetalllo copper or cuprous oiUe. ' ' 

iCoUliu, n. F., The metaUuTKy of load aad iIIvbi, Part II, SDvgr, 
p. lS3,l.andaa, 1900. I am Indebted to Ut. ChONPalmeTtarcallliifnT 
■tteatlm to thia reference. 

■ Tolman, C. F., Jr., and Clark, 1. D., The oildatlcu, nhllcti, >>^ 
predidtattao of copper in electrol^c solutions and'tiie dbpcnlooU 
pndplCatUo ta ooppet milphlde* from -oolltddal «i9peDd(iii, «1U a 

nlon: Econ. Geology. ™l. t, p. fiSt, pi. MB, IM*. 
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iami ore body and give a photomicro- 
showing the replacement of this sphal- 
y chalcocite. A fragment of their speci- 
dndly furnished by Prof. Tohnan, shows 
esence of some residual sphalerite when 
led by reflected light imder the micro- 
EUid afforded a distinct chemical reaction 
ic as tested .by W. T. Schaller, of this 
r. 

t sphalerite may be present also in small 
ty in the ore of the Ray district is indi- 
oy the presence of zinc in the water from 
). 3 mine, of which an analysis is given 
:e 141. 

Hite.: — ^The blue cupric sulphide is ex- 
y rare in the Ray and Miami districts. 
^ little was noted in the Miami mine as a 
cial alteration product of chalcopyrite. 
Icopyrite. — Chalcopyrite is not a con- 
ns mineral in either of the districts here 
)ed but is fairly abimdant in the protore 
Miami district, occurring with pyrite in 
s and in disseminated form. In the 

mine it occurs with molybdenite and 

as veinlets in granite porphyry and has 
)und in diamond-drill cores disseminated 
:h porphyry and schist below the chalco- 
ne. In places this disseminated chalco- 
is abimdant enough to raise the rock to 
ide of ore. To some extent chalcopyrite 
bably inclosed in pyrite to form the 
ed cupriferous pyrite. Polished sections 

ore and protore, however, have shown 
amples of this relation, and in those seen 
lalcopyrite is clearly younger than the 
and may be of supergene origin. As a 
ae pyrite of the protore is free from other 
les. 
he Ray district chalcopyrite appears to 

abundant and less gen^tdly distributed 
:h the protore than at Miami. In the 
ry schist protore it was not observed, 
gh it is probably not entirely absent. 
I noted in granite porphyry protore in 
3. 1 mine, on the third level, near the 
station. It is fairly abundant in the 
Lzed and metamorphosed diabase of 
strict, partly in disseminated condition 
iefly in small veinlets. 
lie process of enrichment the chalcopyrite 
verted to chalcocite more readily than 

and under equal conditions disappears 
the pyrite. Even more noticeably 



than with pyrite, the change is not merely 
peripheral but proceeds from an intricate 
network of tiny cracks. On a polished sur- 
face of chalcopyrite the veinlets of chalcocite 
in the early stages of replacement suggest in 
their delicate intricacy of pattern the finest 
lace or the web of the spider. 

The relatively small proportion of chalco- 
pyrite in the protore of the Miami district has 
undoubtedly contributed a large amount of 
copper to the chalcocitic ore. The mineral is 
of practical importance in that district, how- 
ever, chiefly as a source of copper for the 
natural enriching solutions and only subordi- 
nately as a constituent of the ore or as a means 
of gathering or precipitating additional copper 
sulphide from these solutions. The principal 
mineral to be replaced by chalcocite dining 
the process of enrichment in both districts was 
imdoubtedly pyrite. 

Some of the chalcopyrite in the Miami mine 
is tarnished so as to closely resemble bomite, 
which it was at first supposed to be. No 
bomite, however, unless as a mere tarnish 
film, has been seen in either the Ray or Miami 
districts. 

Pyrite. — Pyrite is the most abundant sul- 
phide in the Ray and Miami districts and is 
the characteristic mineral of the protore, in 
most of which, especially in the Ray district, 
it is the only sulphide visible. It occms dis- 
seminated through the schist and porphyry of 
the metallized areas and in countless stringers 
or veinlets of all sizes, from mere films along 
joint cracks to veinlets 6 inches wide. Most of 
the veinlets are less than an inch wide. 

Well-formed crystals with faces sufficiently 
large to be seen with the naked eye are rather 
rare. The cube is the usual form. The largest 
cubic crystals seen were collected on the 135- 
foot level of the Captain workings of the Miami 
mine. Some of these are an inch across. 

Pyrite may be found in all stages of replace- 
ment by chalcocite, from crystals coated or 
veined with mere films of chalcocite to small 
residual kernels. 

A sample of fresh, bright pyrite from the 
second level (2 W. 1 J N.) of the No. 1 mine at 
Ray was carefully washed, and crystal frag- 
ments were selected from it for their apparent 
purity and homogeneity. These were tested 
in the Survey laboratory by R. C. Wells, who 
found them to contain 0.042 per cent of copper^ 



3«e 



ooraas DBMsm crr-B^ ikD kum^ ool 



m qiuuiti^ that ia prababfy r»t3iflr midcrr fhu 
abvra tlie vnngti imonnt ctf oopper nportod 
ED' Ba4j«M of pjiite. Li otlur Torda, the 
pjiits <rf the Bmj diatriet, if the Hinple 
anafyied is reiovMntatiTe, is not mp^ia»Bj 

Quorii. — One of tlie moat idmndint nflUr 



fnaa m^iMwoi depCha by. the on-bewing 
sdatioDB. BnriohmBat by desMndiog etdn* 
tioDfl has «bo been aooenquuiied by aonu 
dqwmtion of qoarti,' aa ia ahown deariy by 
the fact that malachite and ehiyaocoUa in tiu 
Miami diatriot are etmnA hy dirusy emats of 
qnartE. 

MicroBc<^>io ioolodoDs of liquid, neoaUy 
with a gas bubble, are abundant in the quartz 
of the protore and ore. In protore derived 
from granite porphyry such inclusions are 
generally more abundant in the quartz pheno- 
crysts than in the corresponding phenocryats 
of the fresh porphyry. Apparently they were 
introduced during the period of primary 
metallization. 

Chalcedony is not generally present in the 
disseminated ores but occurs in intimate asso- 
ciation with chrysocolla in certain places within 
the oxidized zone of the &fiami district. This 
occurrence will be described under chrysocolla. 

Cuprite. — The red cuprous oxide is rare in 
the mines of Miami and Ray but has been 
found in small quantity with native copper in 
the Ray Central, now the Ray ConsoUdated 
No. 3 mine, within the zone of chalcocite en- 
richment and to a depth of at least 400 feet. 
Specimens from a small vein worked in early 
days in this mine show cuprite, chrysocolla, 
and native silver. In small quantity cuprite 
was observed on the 470-foot level of the 
Miami mine, associated with native copper and 
chalcocite. 



Tbe TUfety 4haleotricbH», fai wbadL die 
Qtibi»I ^yvtala are et<nigat«d into alei^ar 
adonlar ftMns, «a8 f airiy abiudant aa ispavk- 
fing ruby^red aggregates Of deUeate baidi&B 
er^tak, in one of t^ stopea focmeify woribad 
from the old Ray shaft. ' Qptltaraam seen in 
Ray dunr it to be aaaociated 'iii&. ordinary 
eiqirite in email cubea, Innonite, and i 



' Bneaite. — Hmenite haa been idefttifleid as a 
flttcljr djaaoninated minor oonstitaent df acane 
d( tibe IKnal sehiae and msf be preaent in Am 
MildM protore, althoo^ tfaia iraa not detv- 



BvlUg. — SntSe in minnte mieroaeopie. etya- 
tak is gflsMraUy ptaMut in the metaffiaed ad^ 
and pOT^yry, bodi. jvotore ami on. In part 
it k clearly an dteratien prodncit of l^trtlt^ 
and genially ih« fitUe crystals are m grotqie 
or neats, a fkct vllich anggeata, even Kben no 
Uotite TsmaiDa, titat the mtfle is an altcnriiaD 
prodoct <tf that cr'aone other miiBral. 

l^aeoniU.—lba aaxQtj form of the UaA 
codde of copper (cii[ns ccdida, CuO) waa noted 
in email quantity with eiqirite in some spedt- 
mens from the old ifiulan^ of the angtasl 
Ray mine. 

lAmoTvUe, — ^The common hydrous oxide of 
iron is an invariable constituent of the so-called 
capping above the ore and in dispersed c(mdi- 
tion gives the rusty appearance characteristic 
at the surface of much of the rock that has 
been leached of its copper and sulphur. The 
limonite has resulted chiefly from the oxida- 
tion of pyrite. It nowhere forms large masses 
and is of no economic importance. Whether 
the hydrous iron oxide is really the mineralogic 
species limonite or one of the related species 
tui^ite or gothite has not been determined. 

Malachite. — The green carbonate of copper 
is not a typical constituent of the ore or cap- 
ping but is fairly abundant in certain places, 
especially in the Miami district. The brilliantly 
colored schist and porphyry that crop out on 
the Live Oak and Keystone groups and on the 
Captain claim of the Miami group owe their 
color to chrysocolla and malachite, partiy as 
thin films and partly as veinlete. Similar 
rock has been found in the Miami mine extend- 
ing at least to the 420 level. In this the 
veinlets of malachite contain kernels of chalco- 
cite, showing that the carbonate has fonned in 
place by alteration of the sulphide. In the 
Bulldog tunnel of the Inspiration workings 
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malachite is associated with bright-blue chryso- 
coUa, chalcedony, and quartz in aggregates of 
much beauty. (See PL XLVI, A and CI) 

Malachite was noted on the 2025 level of the 
Ray No. 1 mine, as mammillary incrustations 
in a small open crevice. In thin crusts, asso- 
ciated with nearly black chrysocolla and with 
azurite, it coats and cements the pebbles of a 
recent conglomerate on Copper Creek, a quarter 
of a mile west-southwest of Ray. 

AzwriJU. — ^The blue copper carbonate is of 
rare occurrence in connection with the dis- 
seminated ores of the Ray and Miami districts. 
A little was noted in the northeastern part of 
the 370 level of the Miami mine and in the 
recent cemented cupriferous gravels of Copper 
Canyon, a quarter of a mile west-southwest of 
Ray. 

Fddspars. — The quartz monzonite porphyry 
of the Ray district and the porphyritic facies 
of the Schultze granite in the Miami district 
both contain abundant feldspars, including 
orthoclase, oligoclase, and andesine. In the 
processes of metallization, however, these 
feldspars are converted into sericite, kaolinite, 
quartz, and other secondary minerals, which as 
aggregates retain pseudomorphously the out- 
ward form of the feldspar. This outline, 
however, is not sharp, as the sericite scales have 
grown outward in part into the groundmass. 
As a rule the change from feldspar to sericite or 
to sericite and kaolinite is complete, or nearly 
30. Some of the granite porphyry pro tore, 
however, near the main shaft on the third level 
of the No. 1 mine at Ray, shows only partial 
sericitization of the feldspars. 

In the Ray district some bodies of diabase 
are closely associated with the ore. Some of 
this diabase, probably just prior to the metalli- 
zation, has undergone partial metamorphism in 
consequence of the intrusion of the quartz 
monzonite porphyry, whereby the original 
labradorite or bytownite has been in part 
rendered turbid by the development of minute 
mineral particles within it and in part recrystal- 
lized as clear secondary feldspar. 

AmpTiihole. — Some of the altered diabase of 
the Ray district contams common green horn- 
blende in ragged anhedral crystals or aggregates 
of small prisms. It is secondary. The mineral 
is not a constituent of the ordinary ore or 
protore of the Ray and Miami districts. 



AndaliLsite. — ^Although not 
ent in the Pinal schist, and 
common constituent in the 
Cambrian granitic rocks, w 
developed by contact-metam 
was noted particularly in s 
of Granite Mountain in the I 
the schists along Liveoak 6i 
Live Oak No. 2 shaft. A lit 
identified microscopically in s 
the second level of the No. 
west of the ore body. 

Zircon, — In the usual sma 
crystals zircon is present 
constituent of the altered scl 
of the metallized areas. It 
dant, and its presence has n 
ficance in connection with on 

Tourmaline. — In small pr 
tinct terminal faces tourm 
constant minor constituent c 
in the vicinity of post-C 
intrusive rocks and remains 
schist protore. It has not be 
ore and probably disappears 
enrichment. 

Muscovite. — ^The fine-leave 
covite known as sericite is 
abundant and characteristic 
erals of the ore and protc 
formed at different times 
processes. It is one of tl 
stituent minerals of the no 
and as such is a product of pr 
morphism. In the schist it 
rule to distinguish between 
earlier metamorphism and tl 
the later period of metallizal 
schist was converted to protoi 
porphyry, which was intnid 
schist had undergone its fin 
the development of sericite \ 
to the metallization. It has 
pense of the feldspar plion 
quartz, largely recrj^stallizo 
tutes most of the groundmas 
protore. It forms charactoi 
gates in which thfe small foil 
tered radially into ragged si 
these scales project into th 
phenocrjTsts of the porphyry^ 
placement of the quartz. 
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nite porphyry protore of the Miami mine 
icite vas ohsorred projecting from the walls 
uicroscopic vugs in a quartz veinlet coataiQ- 
molybdenite. Here, evidently, the mineral 
1 deposited by Bolutions in an open space. 
Vhether Bericite was formed also during the 
gresB of enrichment is not known, as there 
no means of distinguishing soricite formed 
supergene solutions from that formed by 
togene solutions. From all that is known 
he occurrence of this mineral, however, it is 
probable that it was deposited by cold de- 
iding solutions.* 

tiotite. — Black mica is a characteristic con- 
uent of the granite porphyry and occurs in 
^aiu varieties of the Pinal schist. It is 
mdantly developed in diabase in the Ray 
rict by the metamorphosing action of the 
nite porphyrj-. In the granite porphyry it 
lira in foils about 3 millimeters in greatest 
meter. These are comparatively resbtant 
he chemical changes effected in the rock as 
hole by primary metallization and by en- 
iment. In the protore particularly the bio- 
may remain fairly fresh when the feldspars 
6 been completely sericitized. As a rule, 
'ever, the biotite disappears in the change 
a protore to ore. 

he t>-pical Pinal schist is essentially a 
rtz-sericite rock, but some varieties contain 
,ite with the scricitc. These probably were 
:inally tuffaceous sediments. 
(.Ttain soft dark schists exposed in tbe mine 
kings at Ray consist chicily of biotite. 
iparison of these with diabase in which 
ndant secondary biotite has been developed 
the metamorphosing action of the granite 
jhyty magma has led to the conclusion 
t these seliists ore altered basaltic or diu- 
c rocks, in pliices p-ading through originally 
aceous material into the normal sericitic 
il schist. The biotite of these schists is a 

lighter in color and less strongly pk'ocliroic 

1 the biotite of the granite porphjT}-. 

s a rule the biotite of the protiire shows 
ration into sericito, sulphides (chiefly py- 
I, and rutite. The change ti) chlorite, so 
.mon in woatliered rocks, is rarely seen in 
protore. 

/iZoWi^.— Minerals of the chlorite group are 
in the metaluzcd rocks i.f Ray and Miami. 



A chlorite is present in small qnantity,h<>wever, 
in some of the granite porphyry protore as an / 
alteration of biotite and iti some of the altered 
diabase of the Ray district, where it probably 
is a derivative of augite or ohvine. 

Kaolinite.- — Kaolinite occurs associated with 
sericite and quartz in the altered granite 
porphyry of the Ray and Miami districts in 
situations where the formation of the mjaeral 
can not be ascribed to ordinary weathering. 
One of these, for example, is in the incline of 
the No. 1 mine at Ray, bdow the second level 
and under the ore body. Another is in the 
western part of the 420 level of the Miami 
mine, in unonriched metallized porphyry or 
protore. In general, as a transition zone 
between the thoroughly altered quartz-sericit«- 
sulphide rook and the unaltered granite por- 
phyry, or as residual rounded kernels inclosed 
by intersecting veinlets, there is more or less 
soft crumbling porphyry in which the biotite 
is iaiily fresh and the feldspars have been 



kaohnizi'd, Wliere sericite and kiiolinito occur 
together in this iJtored porphyry, the sericite 
is t!ie younger mhierul and has replaced the 
kaolinito after the maimer shown in figure 24. 
CltrysocoJUi.- — Hydrous silicate of copper is 
abundant in the Miami district, particularly 
near the surface in areas of metalUzod porphyrj-. 
Tlio vivid green and blue tints of the rocks 
exposed on the Captain claim of the Miami 
group, on the Keystone group, and on part of 
the Live Oak group are due chiefly to the 
presence of ohrysocollii, although the green 
is in part malachite. This general coloration 
i.-i t!ie effect produced hy tliin films of the 
mineral along joint surfaces and by innumer- 
al»le. smidl v^uiilets. In the past, before tlie 
vidue of the dissemimitvd deposits was recog- 
nized, cliiysocoUa was an important ore in 
the district, and veins of the mineral in jior- 
])hyry were worked on the Keystone and Live 
Oak groups. These veijis <li<I not extend to 
great depths and were eridcntly fissures filled 
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BLOACHITE AND CHRYSOCOLU. 

(«) Malachite, chrywcolk, chalcedony, and quartz, depotited in the order named; Keystone tunnel, Miami 
(A) Malachite surrounded by a layer of translucent colored chalcedony of gem quality, succeeded in turn by 

blue clmlky material which it chiefly a hydrous silicate of copper, 
(f) Velnlet of chalcoclte almost completely altered to chrytocolla and malachite. From the 27l)-foot leT< 

Captain norkingt of the Miami mine. 
id) Black and bluiah-green chryiocolla, a replacement of dacite tuS. Geneva claim, Miami district. 
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directly with chrysocolla during the general 
oxidation of the disseminated deposits. In 
other words they were not veins of sidphides 
oxidized in place to chrysocolla. Chrysocolla, 
probably also deposited directly as such, in 
dacite tuflf, is the ore of the Warrior mine in 
Webster Gulch. 

Large quantities of this ore, consisting chiefly 
of a beautifully mottled black and green 
chrysocolla, have been shipped from the 
Warrior and the near-by Geneva mine. (See 
PI. XLVI, B.) Much of this ore is dark colored, 
owing to the presence of manganese oxide, 
and that of the Geneva especially is of very 
striking appearance. It consists of kernels 
of black or dark oUvo-green chrysocoUa of 
very irregular shape embedded in hghter- 
colored varieties of the mineral, ranging in 
tint from a delicate turquoise-blue to a deep 
bottle-green, the whole ore having a resinous 
luster. These paler-tinted varieties are in 
places arranged in fine concentric bands about 
the dark kernels, and as they do not always 
completely fill the interstices between the 
kernels, the resulting cavities form little vugs, 
usually lined with pale-blue botryoidal chryso- 
colla. Field relations show that this ore 
OCC1U9 as a replacement of dacite tuff, and a 
study of specimens indicates that the dark 
kernels, which owe their depth of color to the 
presence of oxide of manganese, probably 
represent original glassy particles of dacite 
and possibly small schist fragments in the tuff. 
Traces of flow structure and of original partly 
crystalline texture can occasionally be de- 
tected, and residual flakes of biotite, such as 
occurs in the dacite, are not unconunon within 
the dark chrysocolla. The present boimdaries 
of the kernels are not, however, identical with 
those of the supposed original clastic particles. 
The latter have been rounded and embayed 
in the process of ore deposition and in part 
replaced by the banded chrysocolla, which 
apparently occupies in the main the place of 
the former fine interstitial material of the tuff. 

The chrysocolla of the Live Oak and Key- 
stone workings varies in color from blue-green 
to sky-blue, and much of it is a robin's-egg 
blue. It is commonly associated with quartz, 
chalcedony, and in places a little malachite, 
and many of the aggregates of these minerals 
possess great beauty. (See PI. XLVI, -4.) 
The quartz occurs in part as clear, sparkling 



drusy crusts lining viigs in the chryBOcoUa aad 
in part very intimately associated with the 
chrysocolla in thin concentric layers. Between 
quartz with this chalcedonic habit and true 
chalcedony distinction can be made as a rule 
only by microscopic study. Both forms of 
silica are usually, present with the chrysocolla 
and under the microscope show in part the 
same radially fibrous structiu*e. The qiiartz 
fibers are distinguishable by elongation parallel 
with the axis of least elasticity. 

Under the microscope in thin section the 
chrysocolla shows fine fibrous crystallization 
much like that of chalcedony. The arrange- 
ment of these fibers is usually radial, in con- 
centric shells, and in places spherulitic. The 
spherules show well-defined dark crosses be- 
tween crossed nicols. The fibers vary much 
in double refraction, the interference colors 
ranging from gray through yellow of the first 
order to yellow of the second order. In places 
all the fibers of one of the concentric shells of 
chrysocolla have a higher double refraction 
than the fibers of an adjacent shell. In other 
places the fibers of a single shell show more 
brilliant colors at one end than at the other. 
The fibers are extremely fine and can not bo 
resolved with the highest power used with the 
ordinary petrographic microscope. Certain 
areas in the thin sections, which in ordinary 
light are indistinguishable from the rest of the 
section, show very feeble double refraction 
with crossed nicols and in places appear almost 
isotropic. Such material as a rule grades in- 
sensibly into the more highly refracting sub- 
stance of the slide. 

Associated with the chrysocolla of the Live 
Oak and Keystone workings is a beautiful hard 
translucent material ranging in color from 
robin's-egg blue through various light shades 
of greenish blue to apple-green. This material, 
of which very little is now obtainable, has been 
cut as a gem imder the names chrysoprase, 
"blue chrysocolla," * "keystoneite," etc., but, 
as Sterrett recognized, it is really chalcedony 
colored by copper. (See PI. XLVI, C.) Much 
of the blue chalcedony contains brushes of 
malachite needles. 

In thin section, imder the microscope, the 
blue chalcedony is nearly colorless. It is 

1 sterrett, D. B., I*reclous stones: U. S. Q«ol. Survey Mineral Re- 
sources, 1907, pt. 2, pp. 802-«03, 1908; idem for 1900, pt. 2, pp. 756-757, 
1911. 
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4 dusted with small inclusions, too minute for 
mineralogic determination, which are not the 
cause of the color. That is probably to be 
explained as the result of a submicroscopic 
intergrowth or mixtiu*e of chalcedony and 
chrysocolla. Microscopically the material, ex- 
cept for the included particles mentioned, 
appears to be homogeneous. Between crossed 
nicols the material shows sharply polygonal 
grains as much as 0.3 millimeter in diameter 
with obscure and shadowy radially fibrous 
structure. Such crystal structiu*e as the mass 
shows was probably developed in a silica gel, 
each polyhedron representing the development 
of crystallinity from a single center. The 
polyhedrons are sphenilites faceted by mutual 
interference with one another's growth. 

The blue chalcedony, like the chrysocolla, 
occurs as veins or veinlets in granite porphyry. 
Some veinlets consist entirely of hard chal- 
cedony; in others the chalcedony is in isolated 
nodules inclosed in a soft white chalky material 
which, according to W. T. Schaller, of this 
Survey, is a hydrous silicate of copper that has 
different ratios from chrysocolla and probably 
represents a different and distinct mineral. 
The optical properties are very different from 
those given by Umpleby * for chrysocolla from 
Mackay, Idaho. A study of the minerals 
generally listed as chrysocolla is in progress by 
Mr. Schaller, and it appears likely that he will 
find several distinct crystallized species, one 
of which is represented by the white chalky 
material from the Live Oak and Keystone 
workings. Much of the massive or amorphous 
chrysocolla proves to be not a definite mineral 
but mixtures of one or more hydrous copper 
sUicates with different proportions of silica and 
water. 

The chrysocolla of the Miami district is 
clearly not all of one generation. It is not 
uncommon to find chrysocolla traversed by 
veinlets of the same material. Probably the 
mineral is forming to-day in certain parts of 
the zone of oxidation. 



» Umpleby, J. B., Geology and ore deposits of the Mackay region, 
Idaho: TJ. 8. Geol. Survey Prof. Paper 97, pp. 61-^2, 1917. 



In 1912 there was noted in process of deposi- 
tion at many places in the Bay Central mine, 
on the walls and roofs of unused drifts, a vivid 
deep-blue deposit. The depositing agent was 
cold, clear water, probably seepage water from 
AGneral Creek or Copper Gulch. The deposit, 
to all appearances solid, formed miniature 
pools and terraces with scalloped edges and 
fluted slopes, suggestive of the travertine or 
sinter deposits built on a much larger scale by 
certain hot springs. The material, however, 
proved to be soft and somewhat gelatinous 
and when squeezed in the hand gave up much 
mechanically included water. 

A sample of the deposit was examined by 
Mr. Schaller, who foimd it to have approxi- 
mately the following composition: 

ApprfxdmaU analyaia of hydrous copper sUioaU. 

CuO 47.46 

SiOj 21.20 

HjO 28.05 

CaO 1.39 

AI3O,, MgO, etc Trace. 



98.10 



The deposit is thus essentially a hydrous 
copper silicate probably related to chrysocolla. 

The air-dried material is a light bluish-green 
crystalline powder. The crystals, which are 
extremely minute, are apparently prismatic 
with the axis of least elasticity parallel Mdth 
the prism axis. Their birefringence is weak. 

The water depositing this material had no 
perceptible taste — a somewhat surprising fact 
in view of its evident activity in depositing 
copper. In 1914, although many changes had 
been made in the mine (now the No. 3 mine of 
the Ray Consolidated Copper Co.), some of the 
copper silicate was being deposited on the third 
level. A sample of the water was collected 
here and was analyzed in the Survey laboratory 
by R. C. Wells. The water reacted acid to 
phenolphthalein and alkaline to methyl-orange. 
The analysis stated in parts per million and in 
accordance \^T[th Palmer's classification* follows: 

> Pahner, Chase, The geochemJcal Interpretation of witter analyaes: 
U. 8. Oeol. Survey Bull. 479, 1911. 
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Analyns of water from the No. S mme, Bay, Ariz. 
f R. G. Wells, analyst, 1915.] 



Radicles. 


Parts 
mfiuflD. 


Reaction 
equivalents 
Inmilli- 
gramsof 
hydrogen 
per liter. 


Reaction 

equivalents 

adjusted 

bypro- 

portionata 

reduction 

of bases. 


Reacting 

values in 

jpercentof 

total react* 

Ing values. 


Reacting values of slicnifl- 
cant grouxMt, in per cent. 


Classiilcation. 


Na 

K 


65.4 
23.2 

205.6 

7.77 

11.9 

3.8 

L2 

.3 

Trace. 

Trace. 

906.1 

32.0 

Trace. 

44.6 

43.6 


2.8449 
.5939 

10. 2594 
6.3869 

.3748 
.1163 
.0437 
.0161 


2.8234 
.5894 

10. 1822 
6.3388 

.3720 
.1154 
.0434 
.0160 


6.89 
1.44 

24.86 
15.47 

.91 
.28 
.11 
.04 


1 Strong idkalies. . .8.88 
AlkaU earthB ... 40.88 

MetalB 1.84 

Strong acids — 48.21 

Weak adds 1.79 

(Probably ooUoidal) 

1 


\ 


Ca 

Mg 

Ou 

Zn 

Mn 

Fe"'^ 

Ni 


^N^Primaiy Mdinity 16.66 

\^^ XiSecondarysalim^.... 79.76 
oyVjSecondary alkalinity . . .90 


H 








ii^Tertiaiy alkalinity .... 2.68 


8O4 

CI 


18.8469 
.9024 


18.8469 
.9024 


40.01 
2.20 


/ // 


NO, 


jy^ 


* ^'i"" " ■ • • 
HCO, 

SiO, 


.7314 


.7314 


1.79 




"^ ^^1* ■ • • ■• 








m 




1,415.4 


Excem of 
baseea- 
0.1553. 


Baflee «=> 
acids. 


100.00 


1 



The numbered arrows indicate the way in which the different groups of radicles determine the character of the 
water in this classification and show also the order in which the groups in this particular analysis are balanced against 
one another. 



The water is of low concentration, and its 
principal characteristic in terms of Palmer's 
classification is secondary salinity, or, in 
common parlance, permcoient hardness. Of 
the interesting fact that the water carries and 
deposits copper that classification takes no 
accoimt. Unquestionably of surface origin, 
the water probably has not traveled far from 
the place where it sank into the ground. That 
so large a proportion of its dissolved matter 
should be the constituents of calcium and 
magnesiimi sulphates is rather difficidt to 
accoimt for on the supposition that these 
materials were extracted from the oxidized 
schist through which the water has porcolatod. 
Probably they were in large part gathered 
before the water began its underground journey. 
Through the kindness of Mr. W. S. Boyd, 



superintendent of mines for the Ray Consoli- 
dated Copper Co., I was supplied with a copy 
of an analysis of water from Mineral Creek, 
collected 6 miles above Ray. This analysis 
was made by Herman Harms, Utah State 
chemist, to determine the availability of the 
water as a source of domestic and general 
supply and was originally reported in grains 
per gallon of supposed salts present. It 
appears below recalcidated in parts per million 
and classified in accordance with Palmer's 
scheme. The analysis is incomplete, potassa 
apparently being included with soda and other 
constituents being lumped together as fol- 
lows: ''Iron oxide and alumina,'' 0.058 (grains 
per gallon); '^siliceous matter," 3.967; *' vola- 
tile and organic matter," 1,402; and ''\mde- 
tormined and loss," 290. 
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•3.16 
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Trace. 

14.63 
6.49 
4.62 
1.64 
S.08 


»61.74 
1.76 

a»7 

"iftTO' 
3.43 
4.16 

24.24 


7.0» 

26.49 

30.87 

.20 

11.06 

1.74 

20.83 

.67 

1 2.01 

|"'.'m 


2a. eo 

12.48 
17.62 


11.55 
30.10 
21.65 


17.28 
31.33 
13.65 


1.64 

43.73 
22.66 


13.02 

2a 61 

19.92 


12.10 

iao7 

29.78 




so; 
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NO, 






16.46 
5,14 

13.07 
L60 
6.32 
.92 


13.73 
3.03 
14.78 
.86 
3.83 
.48 


14.78 
2.06 

14.43 
1,96 

4.63 


13.43 

3.62 

14.02 

.77 

.33 


10.36 

a 14 

19.76 
2.17 
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1. Bar No. 3 mine, Ray, Ariz. 

2. Mineral Cr^ek, Ariz. 

3. Braxoa River, Tex. 

4. Colorado River, Ten. 



6. Rio Grande, Tei. 

6. Rio Grande, N. Mex. 

7. Pecos River, N. Mex. 

8. Colorado River, Ariz. 



0. QUaRivw, Aria. 
10. Salt River, Aria.. 



In this connection the two analyses of water 
obtained near Ray, calciilated in percentage 
of total solids in solution, are given in the 
accompanying table, together with eight analy- 



raise some doubt concemii^ the correctness 
of the analysis. It might be expected that 
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local surface waters in this arid region would 
contain more of the sulphate radicle and be 
generally more saline than the waters of the 
larger rivers, most of which have their headr 
waters in regions of more abundant precipita- 
tion; but here is a water that does not con- 
form to this expectation, possibly because a 
oonaiderable part of. the flow comes from the 
high and wooded Pinal Range, where typically 
arid conditions can scarcely be said to prevail. 

The examination of the mine water indicates 
what, indeed, is strongly suggested by such 
occurrences as the chrysocolla ores of the 
Black Warrior, Keystone, and Live Oak mines 
and the cementation of gravels and talus by 
chrysocolla in Copper Canyon and elsewhere 
in the two districts studied — that the ordinary 
surface water of the region can dissolve and 
transport considerable quantities of copper 
without being noticeably acid or ferruginous. 

Mr. R. C. Wells has kindly supplied the 
following note on the chemistry of the depo- 
sition of copper by this water: 

Any explanation of the chemical changes involved in the 
deposition of the copper silicate will depend somewhat on 
the theory of solution used and on the view held regarding 
the chemical constitution of the copper silicate. 

A very simple explanation is that although silica is com- 
monly supposed to exist in natural waters in the colloidal 
state there is in fact always a very small proportion of 
it present as silicate ion which can unite the cupric ion to 
form cupric silicate . One can easil y see that if silicic acid 
is formed continuously from silica and water — thus, 

Si03+H20=n2Si03 

the constant removal of silicate ion would leave the solu- 
tion acid. This acidity would doubtless be neutralized 
almost as fast as developed by reaction with carbonate 
minerals or alkali silicates . The action is, however, proba- 
bly not as simple as suggested. 

It is more probable that the copper exists in solution as 
a basic ion, say CuOH^ and the silicate as an acid ion, 
say nSiOs'', and the tendency for copper, which is a weak 
base, to exist in this form may account in part for the 
fact that the copper silicate is deposited as a hydrous 
compound. 

The conditions which govern the deposition of silica 
from aqueous solutions are little known. It seems reason- 
able to suppose that if the silica has resulted from the 
recent decomposition of a mineral the solution may for a 
short time be, so to speak, supersaturated with silica, which 
is soon deposited either in a colloidal form or by union 
with the basic constituent that ia most nearly at the point 
oi deposition. In the Ray mine water copper is clearly 
one of the weakest and most insoluble bases, although ferric 



iron is probably still weaker.' Progress 1 
would very naturally result, therefore, it 
of cupric hydroxide and silica together, 
compound. 

As there appears to be a very small amour 
in the water under discussion, it is evident 
or alkalinity of the water might be affeci 
gain of carbon dioxide. This would prodii 
of effects as more or less reaction with adji 
it therefore appeaifs unnecessary to discuss 
fuUy. 

Alunite, — ^Alunite, a hydrous 
aluminum and pota^ium, is not ] 
Miami district and has been noted 
localities at Ray. Here it is ass 
fissuring of comparatively late c 
apparently a product of sulphate s< 
oxidizing sulphides. Its mode o 
thus resembles that in the Cripp 
trict ' rather than at Goldfield, wl 
persed as an abundant constitu 
enormous masses of altered igneou 

In the No. 1 mine, B. S. Butler 
vey, during a brief visit collected 
white material from a small fissui 
of the drifts. The part of the min 
the specimen came was not recorde 
W. T. Schaller in the chemical 1 
the Survey proved the material t 

In the No. 2 mine the mineral 
1912 in S. 42^ W. drift on the 1 
compact snow-white nodules 6 inc 
diameter in a zone of crushed 
alimite presmnably at one time f< 
which was afterward broken uj) I 
in the shear zone. This part of t 
is from 400 to 500 feet below tl 
Humboldt HiU. 

The presence of alunite in the 
(now the No. 3) mine is mentioned 

The mineral doubtless is pres 
places in the Ray district and wil 
found at Miami. As a rule a ch< 
necessary to distinguish its earth 
kaolinite. 

1 Wells, R. C, The fractional precipitation of sor 
pounds at moderate temperatures: IJ. S. Qeol. Sui 
1915. 

s Lindgren, Waldemar, and Ransome, F. L., Qi 
posits of the Cripple Creek district, Colo.: U. S. 
Paper 54, p. 125,1908. 

» Ransome, F. L., The geology and ore deposits 
U. B. Geol. Sur\-ey Prof. Paper 66, pp. 129-133, 190 

* Probcrt, F. R., The Three R mine, Patagonia 
and fld. Presn, vol. 109, p. 175, 1914. 
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dmrioolced. The ■uttliid<a*i <« dkHi^la, 
Uitt the pMMge pvUtitB to oMttKy' i^oek;!! 
IpttdJitiaaal, tlwi^'trte in ft IroaAww^.h 
mbjflot to EUti7 WKoaptku. An « nle the 
«r«Mitioa dowmnEd fr«m ihe iMcfaad imr^ 
bttdM, or "ewnng*^ H it ie kN9a% t«nie4 
to dw w^bMkndoil ud Iv laiM dktiut 
thia At tmaitimilciBi w* tofntoMM 1b 
MBU piM«, ptttioaAMyta the B17 dirtrtoi, 
tM»i* IB Ubn^ flluiig8'ft«m4ha ptMtioii^ 
Immb, nHfy^mmi^M^fat" to p^ eaU 
liUd* on. Vie Muoe dUn iMMtHt ?ha*iPBai 
Imahad osdiBud wdtUal wid «b oMoa st 
■Bfwal jdaoM in Qu UiMni dirtrioti' In^' a 
•tsdy of ifl the ttnOeUe ch«m'Mft:MnMb 
cf this dNtrict ihow» that oktt vT IM hofae 
i^aak fpoetxvboi «n^ Ji(l<|^flf dbpii* 80 |wr 
ewt, pMped thsimgh melanel ooQlaiDiing,aiw- 
hoiiatai ukd nlioetai iifieOp^, «t waa»A«»- 
baoetes, dUottaR, w^ nilplddea, before neoh^ 
ing ore. TUB materiil may centeSn ■■ much 
copper as the nonnal sulphide ore, Irat inaa- 
much as it is not equally amenahle to the same 
milling treatment, it is not at present cl&Bsed 
as ore, or, if so classed, it is considered sepa- 
rately from the predeoninantly sulphide oro. 
Consequently, in records of such holee it is 
rarely posaible to tell merely from the assays 
for total copper where the ore b^ina or ends. 
Account must be taken of the mineralogic 
character of the material and of the sulphide 
assays. Assay graphs of typical chum-driU 
holes showing the relation of ore to overlying 
and underlying material are presented in 
Plate XLVn and figure 25. Sunilar graphs 
haxo been discussed by Perry and Locke/ 
chiefly with reference to practical application 
in planning drill exploration. Horizontal 
variations, as recorded by assays every 6 feet 
along drifts, are shown in Plate XLVTH. 

In many places there is a very abrupt change 
from ore to thoroughly leached, oxidized rock 
containing scarcely a trace of copper, the 
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boundary between the two 
being a gouge-filled fissure. 
Some of these fissures are 
plainly of later ori^ than 
the enrichment, and somo 
were probably formed be- 
fore enrichment. Of the 
fissures formed after the 
enrichment some are asso- 
ciated with displacement ; 
oxidized and leached ma- 
terial has been faulted 
against ore. Others have 
probably brought about the 
observed relation between 
ore, and waste not so much 
by faulting as by directing 
the downward pr<^esB of ■» 
oxidation in such a way g 
that the ore on one side of „ 
the fissure was protected, 1 
while.that on the other was | 
converted to the so-called « 
cap rock. Still a third % 
group of fissures may have a 
been formed before the en- f 
richment and have influ- i 
enced in the manner just ^ 
indicated the enriching as § 
well as the leaching and o 
oxidizing processes. « 

In some places, particu- ■< 
larly in the ground of the s 
tCaml Copper Co., chryao- ? 
colla and malachite occur 
vertically beneath the sul- 
phide ore complicating the 
interpretation of drill rec- 
ords as a means of ascer- 
taining the relations be- 
tween the ore and the 
underlying protorc. 

The general horizontal 
outlines of the ore bodies 
as they have been deter- 
mined by underground ex- 
ploration are shown in 
Plates XXXT and XLIX 
and in figures 6 and 26, 
The ore body that consti- 
tutes the eastern part of the 
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Miami-Inspiration zone, including the portions 
locally designated the Inspiration, Pinto, Cap- 
tain, Northwest (Miami) , and Southeast 
(Miami) ore bodies, has a total length of about 
5,500 feet and a maximum width of 1,600 feet. 



The greatest width in its irregular area is under 
the part of the ridge south of the Inspiration 
main shafts and between the Colorado and 
Scorpion shafts. Farther east, near the 
Joe Bush shaft, the ore in places is only 
200 feet wide. The Pinto ore body is 
a lobe about 700 feet long and 300 
feet ^de, that projects northwest from 
the Captain and Northwest ore bodies 
of the Miami mine. The main Miami 
ore body, including the Northwest and 
Southeast ore bodies, which are not 
really separate ore masses, is about 1,600 feet 
long and 1,000 feet wide. 

The ore body which constitutes that part of 
the Mifuni-Inspiration zone west of the Bulldog 
fault zone comprises the Keystone and Live 
Oak ore bodies, which are really continuous. 
It has a total length of at least 4,000 feet and 
s maximum width, in the Live Oak group, of 
about 1 ,900 feet. 

The dimensions given are approximate only. 
In some places, as already explained, the 
boundary between ore and country rock would 
be shifted considerably by a slight change in 
the percentage figure used in calculations as 
the lowest permissible copper content in mate- 
rial that can be classed as ore. In other places 
expluration has not been sufficiently thorough 
to exclude the possibility of additions to the 
known ore masses. 



The irregular variations m the thickaees of 
the ore are brought out in Plates L and U 
and figures 26, 27, and 28. 

The Ray ore body may range in thickness 
from 300 feet to 50 feet or less in a distance of 
200 to 300 feet, and the Inspiration ore body 
from 300 or 400 feet to practically nothing 
within a distance of 150 feet. The thicker 
portions of the ore bodies, as seen in sectioii, 
may be convex below and concave above, 
double convex, or, more rarely, convex above 
and concave below. These Tariatioss bear no 
regular relation to the present topography and^ 
so far as can be determined, are only in a 
few places due directly to f airiting. The thick- 
ness of the ore body at any particular place 
bears no fixed proportion to its width, as is 
well shown in the sections across Inspiration 
Ridge in Plate XLI. " 

As a vrhole, the ore bodies in the Mia^j dis- 
trict are thicker than that at Ray. Mr. Henry 
Krumb, in his report to the Ray Consohdated 
Copper Co. in 1909, estimated the average I 
thickness of the Ray ore body, as determined 




lorBi 27.— aen:rjliied eisl-irest sectlm ol tlj« Baycn body, amitmeMd lif 
kwagme the avallaUe sectlou <tf a strip of the on body an tost wlda. If nk 
lednoed frcm a dntwlni javpani hy tha Ra; Coimlldiited Capper Co. 

by churn drilling, at 100 feet. A later esti- 
mate by the engineers of the company gives an 
average of 120 feet of ore for the whole body 




of tba dMpeat lod thlckeM pacti of ll% 



as at present developed. The western lobe of 
the ore body is thicker than the eastern, so 
that although smaller in area it probably con- 
tains more than half the ore of the whole body. 
The maximum thickness of about 400 feet has 
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been found under Humboldt Hill, where there 
is approximately 1,000,000 tons of ore to the 
acre. No general average for the Miami ore 
zone is avaUable, but a thickness of 410 feet is 
known under Inspiration Ridge, north of the 
Colorado shaft, and parts of the ore body in 
the Miami Copper Co.'s groimd are as much as 
500 feet thick. In the Live Oak and Keystone 
divisions of the Inspiration Consohdated Cop- 
per Co.'s ground the ore is generally thinner 
than under Inspiration Ridge. 

RELATIONS OF THE ORE BODIES TO THE 

SURFACE. 

/ The depth to ore, or the thickness of the 
overburden, varies widely from place to place. 
This is particularly true in the Miami district, 
where, on the Live Oak and Miami groimd, the 
leached rock is itself in places overlain by 
dacite or Gila conglomerate. 

In the Ray district the average thickness of 
the overburden on the groimd of the Ray 
Consolidated Copper Co. lies between 200 and 
250 feet. The thickness ranges from about 
45 to 600 feet, although in very few places does 
the leached groimd extend to depths greater 
than 500 feet. Drill hole 21 of the Arizona 
Hercules Copper Co., east of Mineral Creek, 
is reported to have gone down nearly 900 feet 
feet before reaching ore. Possibly other holes 
drilled on this ground during 1915 and 1916 
by the Ray Hercules Copper Co. have also pene- 
trated unusually thick overburden, but full 
particulars concerning the occurrence of ore 
in these holes are not available for publication. 

In the Miami district chalcocite ore lay only 
about 500 feet below the surface near the Joe 
Bush shaft. On the other hand, some of the 
deep chimi-drill holes on the Live Oak ground 
went through nearly 1,000 feet of rock before 
reaching the zone of chalcocite enrichment, and 
the Barney No. 1 hole, after penetrating 630 
feet of Gila conglomerate, 430 feet of dacite, 
and 40 feet of doubtful material, passed through 
200 feet of oxidized leached schist. In other 
words, at this place the scliist is thoroughly 
oxidized at a depth of 1,300 feet. 

Partly in order to study the relation of the 
ore in the Miami district to the present surface 
the records of 333 churn-drill holes, including 
nearly all the holes completed prior to 1917 on 
the Miami Copper Co.'s ground and all save 



the Keystone holes on the Inspiration Consc 
dated Copper Co.'s ground, have been plott 
graphically as Plate LI. The records ha 
been arranged from left to right in the order 
descending altitude of the tops of the hoi 
without any regard to a real position. Insp< 
tion of the chart shows that the ore occurs 
all depths within a range of about 1,100 U 
and, except for this general limit, is not relat 
in any regular way to the present topograph 
When holes in which the ore occurs a,t abo 
the same elevation above sea level are group 
together it is found that the deepest and low< 
ore occurs in the western part of the Live O 
ground, that there is a general rise to t 
northeast toward the Keystone ground, 
drop eastward near the Colorado shaft of t 
Inspiration Co., and finally a descent towa 
the east in the Miami ground. These relatio 
are more graphically brought out in the gener 
ized longitudinal section shown in Plate L. 

It will be observed that the lowest ore occi 
in portions of the Miami district where the si 
face rocks consist in part of dacite and O 
conglomerate, a covering which it might be su 
posed would have tended to prevent theoxic 
tion and enrichment of the underlyingsulphid 
This leads to the suggestion that the dacite a 
conglomerate were not present when most 
the enrichment was effected, a suggestion whi 
is supported by the fact that removal of the 
rocks would leave a surface according mc 
nearly with the vertical distribution of the ( 
than the present surface. In other words, the 
is at least some indication that the princi] 
enrichment took place before the eruption 
the dacite. This hypothesis will be more fu 
discussed later, 

RELATIONS OF THE GROUND WATER TO T] 
SURFACE AND TO THfi ORE BODIES. 

The general relations of the ground water 
the present topograpliic surface and to the ( 
bodies m the Miami district are shown 
Plate L. 

In utilizing churn-<lrUl records it should 
remembered that the observations record 
v.crc niado by men primarily interested in t 
presence or absence of ore, and that not all 
what to them were incidental observations a 
of the same degree of accuracy. Moreover, 
regards water level, only those records are 
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from coincident. In the Ray district it is 
exceedingly difficult and perhaps impossible to 
get from the available ground-water data any 
definite conception of the groimd-water surface 
when mining began; but apparently here also 
it was neither coincident with nor closely re- 
lated to the bottom of the oxidized zone, 
although the divergence was less striking than 
at Miami. It has also been shown that in 
general the layer of oxidized material above 
the ore is from 45 to 600 feet in the Ray district, 
the average thickness as calculated by the 
engineers of the Ray Consolidated Copper Co. 
being 252 feet.^ Not all of the overburden in 
the Miami district can be considered oxidized 
material, for, as has been shown, much of it in 
certain localities is dacite or Gila conglomerate, 
beUeved to have been laid down after most of 
the oxidation had been accomplished. Never- 
theless, if these younger rocks were disregarded 
the range and average thickness of the oxidized 
zone at Miami would probably still be greater 
than those of the similar material at Ray. 

In general, the bottom of the oxidized zone 
is a fairly definite but uneven and imdulatory 
surface. If at any time in the history of the 
deposits this surface was coincident with a 
ground-water surface which stopped its gradual 
descent this coincidence is no longer evident. 
Oxidation appears to have been limited rather 
by the gradual exhaustion of oxygen from air 
and rain water as they penetrated downward 
through the rocks. Such being the case, oxida- 
tion would extend deeper along certain favor- 
able channels than through the mass of the 
rock, and as such zones of easier penetration 
would rarely be vertical, there is little diffi- 
culty in accounting in this way for the occa- 
sional observed occurrence of oxidized material 
directly beneath protore or enriched sulphide 
ore. The most conspicuous example of such a 
relationship is that in the Miami mine, described 
on page 163. 

RELATIONS TO KINDS OF COUNTRY ROCK. 

The rocks intimately associated with the 
disseminated ores are, in the Miami district, 
the Pinal schist and the Schultzo granite por- 
phyry, and, in the Ray district, the same schist, 
the Granite Mountain variant of the quartz 
monzonitc porphyry of the district, and dia- 

» Ray Consolidated Copi)er Co. Third Aim. Rept., for the year ending 
Dec. 31, 1911, p. 10. 



base. By far the greater pari 
districts is metallized schist, 
part is metallized granite pc 
monzonite porphyry, and a -s 
part, in the Ray district, noni 
been mined, appears from dri 
diabase. 

Evidently the relations exi 
igneous rocks and the ore ma 
These rocks are not merely tc 
the schist, as material that 
converted to ore, but must be 
possible active agents, thr 
quences of their intrusion, : 
metallization. In deaUng ^ 
necessary to take account i 
more or less passive or dire 
country rock but of their ] 
participation in ore depositioi 
chapter attention will be cc 
observed relations. Discuss) 
to which the igneous rocks 
tributed to the origin of th 
later. 

In the Miami district the or 
occupies a marginal position 
the extreme northern lobe 
granite, the rock of this lobe 
page 108, being chiefly gran 
does not follow the contact 
nor is it entirely in one rock. 

The main Miami ore body h 
although a granite porph^Ty 
the schist has, Uke that rod 
into ore. The Captain ore 
all of the main Inspiration 
schist. The Keystone and 
bodies are also in schist, but 
near the margin of the grani 
occiu* beneath an intrusive s 
phyry, as described on page 
Plate LI. Such comparative 
ore as has been found by ( 
southwest of the Live Oak gi 
and is apparently not very ( 
the granite porphyry as expo: 

In the Ray district the assc 
with the porphyry, here a c 
porphyry, is less close than a 
siderable part of the ore in 
chiefly in the northeast part 
is in the mass of quartz mo 
that is exposed at the surface 
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mine liee in a nearly north-south trough formed 
by the dropping down of a fault block along the 
bottom of a gentle diabase syncline. On the 
west, it will be obBerred, the ore rests directly 
on the diabase. On the east, on the other 
hand, there is in most places about 60 feet of 
unenriched schist between the ore body and 
the diabase. 

Comparatively recent work in the No. 1 
mine Bouth of tbe former Ray Central ground 
has shown that the diabase west of tlie ore 
body extends soathward and limits on the 
west a considerable part of the ore body 
worked in the No. t mine. This diabase is 
cut in a number of places on the 1970 and 
second levels, and on the second level it is 
penetrated by the long drift that runs north- 
west toward the Pearl Handle shaft. It has 



As the diabase does noi 
and has been only partly - 
the shape and extent ( 
imperfectly known. Ap 
upper limit is somewhf 
Handle shaft and it doe 
part of the ore body woi 
shaft. 

The chief function of i 
tion with the origin of tl 
been the direction and 
ing cupriferous solutionf 
commonly present at an 
face. That the diabase 
this function is indicate' 
the development of the 
this contact proved a t 
water. According to M 
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,y Central coordinates of the Ray CoDsoUdated Copper Ci 



been penetrated also on the third level, where 
the sheet has a dip of about 20° E. The sec- 
ond level goes through some 250 feet of dia- 
base, and the third level through about 550 
feet. The greater distance on the third level 
is apparently duo chiefly to a lower dip on that 
level, although perhaps partly to a greater 
thickness uf diabase. The average thickness 
of the sheet between the second and third 
levels appears to be about 125 feet. 

The sheet of diabase has been described as 
limiting parts of the ore body on the west. 
This limitation, however, is local, for, as may 
be seen from Plate XXXVII, the ore in the 
vicinity of the Pearl Handle shaft lies west of 
the diabase. The diabase itself is practically 
barren, and so is the schist directly beneath it. 



large as a man's arm i 
from the diabase and tli 

STBUCTUHAL EFFEC 

The generally unifor 
rocks in which the ore o 
of beds or similar stri 
nounced individuality tli 
dent dislocation registei 
placement along each f 
cult to ascertain the cxt 
has determined the shii| 
Fissures in the ore are in 
them contain sufiicionl 
tensive displacement, ' 
ever, appear to have 1 
their strike than would I 
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dized material of the Pinto and Miami ore 
bodies below the level of corresponding mate- 
rials in the Captain groimd. The fault zone 
appears from its position on the 320, 345, 370, 
and 420 levels to dip 40^-46° NE. The 
throw is probably from 250 to 300 feet but 
has not been accurately determined. 

This fault is approximately in line with 
the Pinto fault, shown in Plate XXXIX, be- 
tween schist and dacite just northeast of 
Inspiration, and may be identical with it. 
Probably also it coincides at the surface with 
the northeast contact of the strip of porphyry 
between the No. I and No. 2 shafts of the 
Miami mine shown as a fault on Plate XXXIX. 
Apparently the Pinto fault is offset by a 
younger fault north of the Joe Bush shaft, 
but the surface exposures do not afford alto- 
gether satisfactory proof of this relation. 

The Captain ore body on the 80, 135, 190, 
270, 345, and 370 levels is limited on its east 
side, at least in part, by a zone of fissuring 
which as a whole strikes nearly north but is 
curved with the concavity to the east. The 
individual fissiu^es have considerable diver- 
sity of dip, but the general dip of the zone is 
west and appears to average from 70® to 75®. 
The dominant fissure of the zone at any par- 
ticular place generally shows from a few 
inches to a foot of tough gray gouge. The 
direction and amount of throw on this fault 
zone are not known, but apparently the 
movement was normal, the coimtry on the 
west of the fissure having gone down relatively 
to that on the east. 

FAULTS EXPOSED IN THE mSFIRATION MINE. 

In the Inspiration mine the only faults 
that are known to have been effective in 
determining the shape or extent of the ore 
body are the Joe Bush and Bulldog faults. 
These have been described on page 114. 
Numerous other fissures have been cut in 
the imderground workings, some of which are 
locally conspicuous and contain thick seams of 
gouge. It has not proved practicable, how- 
ever, to trace these for any great distance or 
to ascertain what effect they may have on 
the form or structural relations of the ore 
body. 

Drifts in the Inspiration mine that extend 
west of a line drawn north from the Colorado 
shaft pass into ground that is greatly disturbed 



and is traversed by fissures coi 
gouge. These gouge seams dij 
rather low angles to the east anc 
a part of the Bulldog fault zone 
position on these levels with re 
outcrop of the fault zone indici 
easterly dip of about 33° for t 
as a whole. 

On Plate XXXIX is shown 
crosses Webster Gulch near In 
drops dacite against schist. 
locally known as the Pinto fau 
by some to account for the gre 
the ore in the Pinto lobe as c< 
the main Inspiration ore body, 
sible, but so little undergroui 
yet been done on the Pinto oi 
the supposed effect lacks com 
stration. As previously point 
Pinto fault may be the same 
between the No. 1 and No. 2 
Miami mine. 

FAULTS EXPOSED IN THE KEYS 

The Keystone exploratory 
seen in 1912 showed few ste 
fissures but many nearly hoi 
dipping in various directions. 1 
seen are of uneven imdulato] 
and many contain thick sean 
Similar low-angle, rolling fault 
noted in the Mercer and Woe 
and appear to be particularly 
of the ground just west of or in 
of the Bulldog fault zone. 

FAULTS EXPOSED IN THE LIVE 

The complex faulting as ex] 
surface near the Live Oak mi 
described on page 115. At tin 
last visit underground work i 
had not progressed far enough i 
additional fight on this struct 
probably be foimd that the sha 
body is modified considerably b 
possibly the ore, instead of di 
regularly to the southwest, as s 
tions constructed from drill n 
reality stepped down by faultin 

AGE OF FAULTS IN THE MIAM: 

Probably along very few of 
this district has the total disph 
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and decomposed granite porphyry. Some of 
it contains abundant small grains of pyrite 
superficially altered to chalcocite. These ap- 
pear to have formed and to have been en- 
riched in their present positions. In places 
the fault zone comprises a number of seams of 
this indurated gouge separated by slabs of 
schist. Similar nearly parallel seams of hard 
gouge also occur in Uie schist at considerable 
distances from the main zone. 

The characteristics of the Sun fault zone 
indicate that it is older than the fissures con- 
taining soft gouge that are exposed in the 
No. 1 mine. It shows no signs of recent move- 
ment and probably antedates the major en- 
richment of the ore bodies and possibly also 
the hypogene metallization. 

As a rule the ore in and near the Sun fault 
zone is a little richer in copper than the average 
ore of the mine, but the difference is not very 
marked and the fault does not appear to have 
had much influence in determining the shape 
of the ore body. The ore shows no particular 
tendency to extend out along the fault. 

On the levels now opened in the No. 2 mine 
the Sharkey fault is chiefly in oxidized, leached 
ground, and little information concerning 
the relations to the ore of this fiissure, or, 
more probably, zone of fissuring, could be 
obtained. 



FAULTS m THE RAY HEBCTTLES 

The fault east of Ray, described • 
which brings diabase and dacite c 
east side against schist and grani 
on its southwest side, apparently 
the part of the ore body lying eas 
350 to 400 feet lower than the ore 
Too little, however, is as yet kn 
ground to permit any detailed d( 
the relations below the surface. 1 
ment along this fault apparently 
after the period of principal enric 
such ore as may be present east o 
undoubtedly lies deep, as shown 
that most of the drill holes in that 
area range from 700 to 1,150 feet i 

RELATION OF HYPOGENE METALI 

FAULTING. 

In neither the Ray nor the Mi 
does the hypogene metallization 
have followed regular or systcma 
fissuring. Some general disturban 
turing of the whole rock mass the 
edly was, and the many small irreg 
that resulted were afterward filled 
and pyrite and, in much small 
chalcopyrite and molybdenite. T 
however, are what are commonly 
as stringers or veinlets rather tha 
have Uttle individual persistency. 



Chapter IX.— Protore, Ore, and Capping. 



DEFTNiriONSL 

That the ore bodies of the Ray and Miami 
districts were formed by a process of em'ich- 
ment acting upon material that originally 
contained but very little copper is generally 
recognized. This material is commonly 
referred to as "primary ore/' but of course 
it is not ore at all in the true sense of that 
word, nor is most of it likely to become ore 
by any improvements in mining and milling 
that can at present be foreseen. To desig- 
nate this primitive ore stuJQf concisely and 
accurately, without using "ore'' in an unde- 
sirably loose sense, apparently requires a 
new term, and the word "protore" (first or 
primitive ore) has been suggested * as likely 
to be a serviceable substitute for the unsatis- 
factory and periphrastic expressions that have 
hitherto been current. 

Obviously, the derivation of this term 
momentarily ignores the distinction which 
is aimed at. This inconsistency, however, 
does not appear to be important so long as 
the result is a convenient word which sug- 
gests but can not be confounded with "ore." 
"** Protore" by definition, then, is used in 
connection with ore bodies due to sulphide 
enrichment, to designate the metallized rock 
or vein substance which is too low in tenor to 
be classed as ore but which would have been 
converted into ore had the enriching process 
been carried far enough.^ This frees the ex- 
pression "primary ore" for its proper appli- 
cation to unenriched material that can be 
profitably mined. The tenn "protore" is 
intended to apply also to the material which 
has been converted into ore by enrichment 
and which therefore no longer exists. It 
might be objected that this material was 
perhaps different from the p\Titized rock 
underneath the present ore bodies, containing 
possibly more chalcop^^itc, and that it became 



' Ransomc, F. I.., Econ. r,(»olopy, vol. S, p. 721, 1913, 

3 Tho use of the term is not lu'ct'ssarily restricted to rook that contains 

sulphides. See Emmons, \V. H., The enrichment of ore deposits: l', s. 

(ieol. SurvM'y Jiull. 62o, p. 6.S, 1U17. 

ir)6 



ore because of that original difference. To 
some extent and in certain places this may 
be true, but refinement_pf terminolcgy may 
be earned so far as tg he. a hindrance rather 
tEan a help in the conmiimication of ideas, 
ftiTd ^uch, it is believed, would be the result 
if a second new term were introduced to 
express this possible rather than demon- 
strable distinction. 

It will be observed, moreover, that ''pro- 
tore'' as here defined does not exclude mate- 
rial that may have undergone incipient enrich- 
ment. As a matter of fact, it has proved 
unexpectedly difficult in the mines at Ray and 
Miami to obtain samples of metallized rock 
that are entirely free from enrichment. Most 
of the so-called primary ore, when closely 
examined, shows the presence of some chalco- 
cite, usually as thin films on crystals of pyrite. 
To distinguish by a separate name such 
material from the wholly unmodified protore 
into which it grades would probably also be 
an unnecessary refinement. 

In practice it wall be sufficiently accurate 
under present economic jconditions to refer 
to rock canying less than 1.3 per cent of copper 
as protore, while that containing 1.3 per cent 
or more of copper will be classed as ore. 
Such usage will class with the protore some 
considerably enriched material, but this will 
be a small quantity compared to the total 
bulk of the unenriched rock. The limit 
here set is not inconsistent with the fact 
that some material of lower grade goes to the 
mills, for in mining by a caving system ore 
is to some extent mixed with waste. The 
limit, moreover, is not the same in all mines, 
some calculations of tonnage being based on 
1.5 per cent as the lower limit of ore — a figure 
which is used in many places in this report. 
It also shifts with changes in the price of 
copper when these exceed the ordinary fluc- 
tuations and maintain their departure from 
the normal over any considerable time. 

The choice of the word "capping'' to 
designate the leached, practically barren over- 
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burden is simply an adoption of local usage. 
The term is not ideal, but it does not appear 
so objectionable as to make the coining of a 
new word necessary or desirable. 

COPPER CONTENT OF PROTORE. 

The average copper content of the wholly 
unenriched protore is susceptible only of a 
rough determination from the data available. 
The record of any drill hole that goes through 
an ore body into protore usually includes a 
statement of the lowest point at which chal- 
cocite was found in the drill sludge. At or 
near this point there is, as a rule, a marked 
drop in the assays, which continue uniformly 
low to the bottom of the hole. When, however, 
the attempt is made to separate the assays 
representing protore from all others, uncer- 
tainties at once arise. The passage from ore 
to protore may be gradual, and assays showing 
more copper than is apparently normal for 
protore may continue for some distance below 
the recorded disappearance of chalcocite. The 
protore, moreover, is not uniform in tenor 
and in places contains enough chalcopyrite 
to make it nearly or quite of ore grade. Conse- 
quently, when in a drill record a few compara- 
tively high 8(teays appear in material that is 
chiefly protore, it is not always possible to 
determine from the record whether the high 
assays represent slight local enrichment or 
unusually high-grade protore. In many drill 
records the assays continue to show below 
the point where chalcocite is reported as having 
disappeared, a general decrease in copper 
downward to some point below which they 
remain fairly constant. This may mean slight 
enrichment below the last chalcocite recog- 
nized by the drill sampler, it may mean the 
carrying down of chalcocite from above in 
the sludge, or it may mean that the protore at 
this place originally graded downward from 
higher-grade into lower-grade material. 

As a whole, the protore of the Miami dis- 
trict appears to be richer in copper than that 
of the Ray district, and the protore under the 
' main ore body of the Miami mine contains 
, decidedly more copper than most of the protore 
. that has not been converted by enrichment into 
, ore. 

The average of 126 assays of diamond-drill 
cores from material under the Miami ore body, 
which according to the records of the Miami 



CJopper Co. showed no chalcocite, is 
cent of copper. The average of 57 a 
what appeared to be typical protore ui 
Ray ore body gave 0.50 per cent, ar 
assays of similar material under the L 
ore body 0.39 per cent. The average 
assays from drill records, chiefly of 
under the Captain ore body of the Mi 
is 0.58 per cent, and of 215 assays f 
records of chiun-drill holes on Mian 
erty but for the most part outside of 
of the principal ore bodies, 0.69 per a 
Owing to the fact that when a ch 
hole is put down through ore into 
more or less chalcocite is carried d 
sludge from the ore above, the first fe^ 
of the protore are likely to be a htt 
Spurr and Cox, in their report to t 
Consolidated Copper Co., basing then 
on the data from nine drill records, { 
average assay for protore as 0.32 per 
copper. They deduct from this 10 j 
as an allowance for extraneous chalcoc 
the upper parts of the holes, giving ( 
cent of copper as the true average i 
protore. This probably is a httle Ic 
examination of all the Ray ConsoUdat 
drill records leads to the conclusion thi 
the point where the copper shows any 
sive decrease, and presumably therefor 
any natural or artificial enrichment, the 
averages from 0.4 to 0.5 per cent of 
Unenriched diabase at Ray generally < 
considerable visible chalcop}Tite, and 
to be on the whole richer in copper t 
schist protore. To test this apparent 
samples of diabase showing no evid 
enrichment and taken from places in tl 
mine below the ore body were assa 
Mr. W. S. Osborn, the chemist of t 
ConsoUdated Copper Co., with the 
shown below: 

Assays o/diabdsc protore at Ray. 



Locality in No. 1 mine. 



1970 west level, N. 11 W 

1970 west level, N. 12 W 

Second (1917.7) level, main drift, 10 W 

Second (1917.7) level, main drift, 12J W 

Second (1917.7) level, main drift, IJ S. 500 W. 
Third (1773) level, 3i N. 5 W 

Average , 
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Analyses 0/ schist, pro 


torCf ant 

Protorc. 


iore. 


• 










Schist. 










Ore. 




1 


2 


8 


4 


5 


6a 


76 


8 





10c 


lid 




SiO, 


65.58 

16.47 

4.19 

2.25 


66.84 

17.46 

4.88 

.74 


72.87 

12.89 

2.40 

1.76 


61.62 

19.98 

3.46 

2.57 


78.91 

10.76 

.81 

1.64 

.20 

.05 

1.66 

.25 

.16 

3.44 

.20 

1.94 

.27 

.04 

Tr. 

.14 


71.28 

13.53 

.61 

1.00 

4.86 
.97 
.41 
.17 
.31 

3.81 
.31 

1.90 
.47 
.01 

"".09* 
Tr. 


68.20 

16.61 

1.26 

1.27 

1.26 

.80 

1.04 

.27 

.73 

5.39 

.64 

2.37 

.51 

None. 

None. 

.11 

None. 


66.92 

19.23 

.54 

.99 

1.40 

.79 

.97 

.27 

.39 

6.61 

.24 

2.46 

.68 


63.70 
19.53 

3.49 

1.24 
.39 
.15 

1.60 
.41 
.46 

6.08 
.19 

3.43 
.66 


69.35 

12.96 

.22 

.90 

4.98 

2.85 

.34 

.18 

.80 

5.02 

.13 

2.25 

.43 

None. 


68.52 
15.35 

1.02 
.67 

2.03 

3.18 
.21 
.07 
.41 

5.74 
.24 

2.03 
.54 
.02 


7( 


ALO, 


1^ 


Fe,0, 


( 

^ 


F^'..:.; 








n^fi 










( 


MrO............ 


1.29 
1.29 
1.42 
4.58 

.22 
2.27 

.83 


1.14 
.37 
.53 

4.65 
.17 

2.61 
.67 


.82 

1.90 

3.01 

3.03 

.26 

.24 

,CG 


1.24 
.62 

1.78 

5.35 
.21 

2.23 
.56 




CaO 




^NaaO 




/K2O 




HjO below 110<>. 
HjO above 110^ 
TiO 




ZrO,... 




CO, 










t 






p,o. 


.06 


.03 


.13 




.08 


.08 


.13 
Tr. 


.06 
None. 




86,?:::......:. 




NiO 










None. 
.04 








MpH . 


.06 


.02 


.07 




None. 
.07 


.01 
.16 


Tr. 


.01 


None. 
None. 


None. 
.05 




BaO 




LLO 








Tr. 


Tr. 








.M-Mg-w ......••.■■. 














* * .* 






100.51 


100.11 


100.44 


99.62 


100.51 


99.80 


100.63 


100.46 


100.41 


100.54 


100.14 
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o Sample contained about 0.32 per cent of metallic iron, probably introduced in sampling and excluded from analysis as cal^ 
b Sample contained about 0.29 per cent of metallic iron, r robably introduced ba. scmpliDE and exclude d frrm analysis as cal( 
c Sample contained about 0.56 per cent of metallic Iron, introduced in sampling and excluded firom anclysls as crknilatt d. 
d Sample contained about 0.09 per cent of metallic iron, probably Introduced in sampling and excluded from analysis as calc 

1. Pinal schist (Ry. 332). South slope of the Red Hilla, Ray district. Geoijge Steiger, analyst. 

2. Pinal schist (M. 3). North side of Webster Gulch, l,5001eet west of the Warrior mine, Miami distri 
Stdger, analyst. 

3. Pinal schist (Ry. 346). Probably metamorphosed rhyolite. Three-quarters of a mile north of 
Granite Mountain, Ray district. Geoi]^ Steiger, analyst. 

4. Pinal schist (Ry. 348). One mile west of Sonora, Ray district. Close to granite porphyry cont 
Wells, analyst. 

5. Metallized schist or protore(Ry. 361). No. 1 mine, 1912 (second) level, west of ore body, Ray dist 
Wells, analyst. 

6. Metallized schist or pn)tore. No. 2 mine, 2,190 level, at 54 west and 4J north (mine coordinates), I 
R. C. Wells, analyst. Sample furnished by Ray Consolidated Copper Co. Mine assay gave 1 per cent of 1 

7. Metallized schist or prot<^)re. No. 1 mine, 2,075 or adit level, at 4 J south and 1^ west, Ray disti 
Wells, analyst. Sample furnished by Raj[ Consolidated Copper Co. Mine assay gave 0.8 per cent of copp 

8. Metallized schist or protore. Inspiration mine, Joe Bush shaft, 3350 station, Miami district. Ch 
analvst. Sample furnished oy Inspiration Consolidated Copper Co. 

9. Metallized schist or protore. Inspiration mine. Scorpion shaft, 3480 station, Miami district. Chi 
analyst. Sample furnished oy Inspiration Consolidated Copper Co. 

10. Ore. rso. 2 mine, 1925 sublevel, 12J north and 46i west, Ray district. R. C. Wells, analyt 
fumislied by Ray Consolidated Copper Co. Mine assay gave 1.81 per cent of copper. 

11. Ore. No. 1 mine, 1940 level, 5i south and 9^ west, Ray district. R. C. Wells, analyst. Sampl 
by Ray Consolidated Copper (x). Mine assay gave 2.65 per cent of wpper. 

12. Ore. Miami mine, 420 level. Chase ralmer, analyst. Sample furnished by liliami Copper Co. 

13. Ore. Miami mine, 570 level. Chase Palmer, analyst. Sample furnished by Miami Copper Co. 
Note. — ^The sulphides present in the protore are pyrite, chalcopyrite, and chalcocite in various ] 

Theoretically there should be no chakx)cite in the protore, but it has been found that even material c( 
little copper as that of analysis 7 contains a little secondary chalcocite as films on pyrite. It has proved ui 
difficult to obtain protore entirely unaffected by enrichment. As it is impracticable to determine in e^ 
how much of the contained copper is present in chalcopyrite and how much in chalcocite, some assumption 
to secure uniformity in the statement of the analyses. The present analyses are brought into form for cor 
calculating all the copper as chalcocite and deducting sufficient iron from that determined as FcoOg to co 
the remainder of the sulphur as pyrite. In analyses 10 to 13 this statement probably accords very closel; 
while in the samples represented by analyses 5 to 9 there is probably more or less chalcopyrite presei 
chalcocite. For reasons explained in the text, not much reliance can be placed on the state of oxidation 
as presented in the analyses. 



Analyses 1 and 2 were made on as nearly 
typical nnmetallized schist as could be obtained 
in the two districts. The rock corresponding 
to analysis 3 is an exceptional variety of the 
schist, probably an altered rhyolite, and that 
corresponding to analysis 4 has been affected 



mineralogicaDy by the intrusion of t 
monzonite porphyry of Granite I 
Analysis 5 was made on a fragment 
mainly to show the general charact 
metaUized schist, and analyses 6 to 9 \ 
on large samples of supposedly * ' prin 
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the copper is rather high, and the samples may 
havo contained a little chalcocite.* That there 
should be more iron in the ore analyzed than 
in the protore is also an unexpected result, 
as presumably in the enrichment to ore some 
of the iron is removed as chalcocite is deposited. 

PORPHYRY PROTORE. ^ ' 

Like the schist variety, the porphyry protore 
is traversed by countless small irregular veinlets 
running in all directions and intersecting at all 
angles. The walls of these stringers may be 
fairly sharp, but' commonly the adjacent rock 
is silicificd, so that of the once angular frag- 
ments iftto which the porphyry was divided 
by the Assuring only rounded kernels of com- 
paratively unaltered rock remain. Although 
these kernels are spoken of as comparatively 
unaltered, they are by no means fresh. They 
retain the general porphyry texture and they 
are speckled with sparkling and apparently 
fresh biotite, but the feldspars are dull and 
decomposed and the whole kernel is soft and 
friable. As in the schist protore, the quartz 
stringers carry pyrite, chalcopyrite, and molyb- 
denite, but the exposiu^es available indicate 
that both chalcopyrite and molybdenite are 
more abundant in the porphyry than in the 
schist. This suggests that, although the bulk 
of the ore is now in schist, the metallized 
porphyry was excellent raw material for the 
enriching process to work upon and in places 
probably contributed a large quantity of 
copper to the ore bodies now in the schist. 
The silicification of the porphyry was accom- 
panied by the development of much sericite 
and by the dissemination of pyrite and, to a 
less extent, chalcopyrite and molybdenite 
through the substance of the altered rock. 

The microscope shows that the formation of 
the sulphides in the granite porphyry has been 
accompanied by the general conversion of the 
rock to an aggregate consisting almost exclu- 
sively of quartz and sericite. The process has 
involved considerable recrystallization, and as 
a rule in rock whore the biotito has disappeared 
the porphyritic quartz and an occasional small 
zircon are all that remain of the original con- 
stituents. Even the quartz phonocrysts have 
been attacked and partly replaced, some by 
sericite and some by secondary quartz. Such 
alteration apparently has required the addi- 
tion of silica, sulphur, copper, and molybdenum 



andthe subtraction of magnesia, lim 
It suggests also the addition of \ 
iron, but the comparison of the 
schist tabulated on page 159 has r( 
supposition doubtful. 

Where tha biotite has not disapp 
of the altered rock is so fragile that 
thin sections can not be cut from it. 
cite and in some facies kaolinite are 
abimdant than in the harder and m< 
varieties. 

In both districts considerable pa 
of the granite porphyry masses ai 
and veined with quartz, and their f 
altered to sericite or kaolinite or aj 
these two minerals, but sulphides 
and apparently were never deposite 
as in these rocks and in the protoi 
occurs in association with sericite, it 
mineral and has been metasomatica 
by the sericite. (See p. 138.) 

ORE. 
GENERAL CHARACTER OF THE STTL: 

The sulphide ore very closely re 
protore, being in general a pale 
were it not for the speckling and 
chalcocite would be almost white 
In texture and structure it is so noa 
with protore that tha description gi^ 
material can be applied to it witl 
and need not be here ropeat<*(l. 

The essential minoralogic anc 
change effected by the process of 
is the more or less thoi-ough sub 
dark-gray chalcocite for 3^oIlow p3^ri 
copyrite, this bringing about some ( 
the general tint and appearance ( 
The body or gangue, if it may be s( 
the protore, having already boer 
into quartz and sericite, a chemi 
aggregate, does not suffer much ch 
alteration of protore to ore by the 
cupriferous solutions. Certain sf 
porphyry ore from the Miami mine 
original orthoclase, and some of th 
from the 900-foot level of the Liv 
contains green biotite. That the 
should have persisted unchanged 
original metallization which formed 
and through the subsequent en 
rather remarkable. Apparently 
ment was effected by solutions 
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1). SCHIST ORE. 
The black tpeckn aod veiuLeld are chieUy <:hakw3t<, 

DISSEMINATED COPPER ORE ^'ROM 420 LEVEL OF MIA 



r. B. OEOLOQICAL SOBTEY PROFESSIONAL PAPER IIB PLATE Lin 



. ORB CARRYING ABOUT 2 PER CENT OF COPPER, FROM THE SECOND LEVEL OF THE NO. 1 MINE AT RAY. 
Thg ehaloodta ii ntlicr srealv diatributod in kiuII puticls throuffa the alUnd xdiiil, alUioiich aoine vdnleU can be Man. 



RELATIVELY HIGH-GRADE ORE. FROM THE FOURTH LEVEL OF THE NO. 3 MINE AT RAY. 
Im vgiolst al quarti. which cairin ■ Utile naliie oopper, ud ouiniirauB blsck veinleU ot chaloodlQ. Tfaa ml ia lob 

DISSEMINATED COPPER ORE OF THE RAY DISTRICT. 



PAPER 116 ■ PLATK UV 



OBE SHOWING VEINLET OF QUARTZ WITH MOLYBDENITE ALONG ITS SIDES. FROM THE MIAMI MINE 
The ■callend black qvcks an chalciKilB in altoBd sdhiit. 



IRRKaULAIt MAS3 OF PYRITE IN ALTERED SCHIST, FROM THE NO. I MINE A 



tJ. lUHHl NCIIIHT Ulll(, FIIOM TIIK FOURTH LEVEL OF THE INSPIRATION MINE. 
Mtmwllig titHM III liiriM twin pMrt liuK rqilMnil by utialcoolu. Raudual ksmeh of pyrita thaw linbL afBinst iiut duk dialwciu. 
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partly ohalcocitized protore, however, the 
fractures in the brittle nonmetallio minerals 
are much less conspicuous than those in the 
pyrite, the latter having been enlarged and 
filled by the deposition of chalcocite, which, 
by its contrast with the pyrite, greatly ac- 
centuates the structure. Nothing was seen in 
any of the specimens examined to suggest that 
the so-called exploding bomb structure in the 
pyrite is anything else than a result of stresses 
that have affected the whole rock. 

Molybdenite, described on page 133 as a 
minor constituent of the protore, especially of 
the porphyry protore, remains unaffected, so 
far as can be seen, by the process of enrich- 
ment. (See PI. LTV, ^.) 

Chemical analyses of the ore are given on 
page 169, where they are compared with anal- 
yses of protore and schist. 

GSNEBAL CHASACTXB OF THE PABTLT OXI- 
DIZED OBE. 

The partly oxidized ore is . readily recog- 
nized by its greenish color, resulting from 
the change of part of the chalcocite to chryso- 
cplla and malachite . Tliis change may be 
very supei^cial, giving rise to little more 
than a brilliant stain, or it may have involved 
most of the chalcocite, leaving out only small 
residual kernels of the sulphide. In part, 
the malachite and chrysocolla directly replace 
the chalcocite, but in the process of oxidation 
a good deal of local inif^ration of copper takes 
place, and both malachite and clirysocolla 
with some quartz are deposited in cracks 
and other small openings in the rock. The 
veins of chrysocolla formerly worked in the 
Keystone and Live Oak ground illustrate 
this migration on a rather extensive scale, 
for the fissures they occupy appear to have 
been filled originally with chrysocolla, not 
with sulpliides. On the other hand, the 
carbonate-silicate ore of the Mianxi mine, 
which extends to a depth of about 1,000 feet 
under the western part of the main ore body, 
does not, as has been suggested,^ indicate 
extensive migration of copper in solution 
as carbonate or silicate, for inspection of 
this ore shows residual chalcocite. The mala- 
chite and chrysocolla have resulted from the 
oxidation of the sulpliide. In part these 

* Tolman, C. F., jr., Secondary sulphide enrichraont of ores: MIn. and 
Sri. Press, vol. 106, p. 143, 19i:i. 



minerals have directly replaced the chi 
(see PI. XLVI, CO, and in part they ha'' 
deposited in immediately adjacent op 
As a rule this oxidation was accon 
by the solution and redeposition of 
In some plac/cs little vugs are linot 
chrysocoUa, then with quartz, and 
filled with malachite. In other spc 
chrysocolla, quartz, and chalcedony 
mately interlayered, have been brok< 
cemented by fresh quartz containing 
clusters of malachite. In still other 
chrysocolla and malachite are covei 
beautiful drusy layers of quartz or of 
and chalcedony, througli the translucei 
stance of which gleam the qolors of the 
lying copper minerals. Tlie deposit 
quartz was certainly not confined to a 
period in the oxidation, but the ma 
appears to be generally though perha 
entirely younger than the clirysocoU; 
which it is associated. 

TXKOB OF THE OBE. 

In tenor the ore ranges from any 
limit that may be set, usually some 
between 1 and 1.6 per cent of copper, 
about 10 per cent. Occasional assays 
ore as high as 12 per cent, but there is n 
body of ore of such richness. Tlie ; 
average of all the ore reserves of tli 
Consolidated Copper Co., ostimatod 
company's report for 1916 at 03,:^73,22 
is given as 2.03 per cent. From tlie 
ning of operations to January, 1917, th 
pany had mined 13,293,854 tons av( 
1.70 per cent of copper. Tlie liighest 
of disseminated ore mined at Jlay is 1 
the No. 3 mine, of wliich it was estimj 
1914 that there was in the ground a] 
mately 540,000 tons of an average 
slightly above 5 per cent of copper. 

In the Miami mine the samples as rej 
taken by the company's samplers rareb 
more than 4.5 per cent of copper, alth 
general inspection of tlie assay plar 
sections will show here and there assi 
tween 4.5 and 6 per cent. The coir 
annual report for 1915 gave the ore r 
on January 1, 1916, as 18,140,000 tons i 
ing 2.40 per cent of copper and 17,( 
tons averaging 1.21 per cent, or a t< 
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PROTORE, ORE, AKD GAPPING. 



from feldspars* and other silicates and to the 
combination into hard aggregates of quartz 
with iron oxides derived from pyrite. 

It might be supposed that the oxidation of 
the sulphides, with the consequent formation of 
metallic sulphates, would be accompanied by 
other conspicuous mineralogic changes in the 
rock. This, however, is not the case. Were 
it not for the removal of the sulphides it would 
be impossible to distinguish with certainty 
under the microscope a thin section of leached 
capping from a thin section of ore. Both are 
composed essentially of quartz and sericite, 
and their microstructiu*es are identical. 

If it were possible to recognize with certainty 
a particular variety of cap rock as indicative 
of ore beneath it, much expensive drilling 
might be dispensed with, but at present no 
great reliance can be placed upon visible 
surface criteria. It may be said, however, that 
a deep and conspicuous redness of the surface 
is less propitious than a rather subdued tint 
of rustiness. The excessive ruddiness generally 
indicates that the chalcocite zone is thin and 
that protore will be reached comparatively 
near the siuf ace. On the other hand, abundant 
chrysocolla near the surface suggests that 
erosion may have overtaken the chalcocite 
zone in its downward progression and have 
removed some of the ore body. As a rule, the 
cap rock above an ore body contains abundant 
small quartz stringers which show, by minute 
rusty cavities, the former presence of iron 
sulphide. 

In order to ascertain the general chemical 
composition of tyj^ical cap rock, a good-sized 
sample was collected on the 370-foot level 
of the Miami mine and was analyzed in the 
chemical laboratory of the Surv^ey. The analy- 
sis is given below, and with it, for comparison, 
is placed the mean of the two analyses of 
Miami ore given on page 159 : 



Chemical composition of cap rock. 



SiO, 

AlA 

FeSj 

CujS 

MgO 

CaO 

Na-0 

Kfi 

H2O below 110*» C. 
H,0 above 110*»C. 
TiO, 



68.30 

17.41 

3.80 

.15 



6 
1 



.83 
.04 
.63 

6.71 
.16 

2.44 
.66 
.47 
.01 



Ti 



100,50 



101 



1. Cap rock from the 370-foot level of the Miami m 
Chaae ralmer, analyst. 

2. Mean of two analyses of Miami ore ( 10 and 11 in t 
on p. 169.) 

The above comparison shows how li: 
alteration beyond the abstraction of cop 
and sulphur; the change of the iron to fea 
oxide, and the rearrangement of the silic* 
effected in the metallized schist by nati 
leaching. A similar comparison of porph; 
ore and porphyry capping might show 
slightly greater difference, but it did not se 
worth while to have additional analyses mi 
to determine this point. 

The copper tenor of typical leached capp 
is extremely low, and such material rar 
shows any visible trace of the presence 
copper-bearing minerals. Assays of capp 
usually range from a mere trace to about 
per cent of copper, higher results genen 
being indicative of the presence of a little visi 
silicate or carbonate of copper — in other woi 
of material intermediate between typi 
leached capping and oxidized but unleacl 
I ore. 
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Had no prerious study been made 
copper deposits of the western United, 
end were observation restricted to om 
of the two districts here described, the ol 
might well inquire whether the assoi 
of the ores with granitic or monzonitic poi 
is merely accidental or is an illustrat 
cause and eSoct. The present state ' 
information, however, leaves little roc 
this doubt. Not only at Hay and Miai 
at Clifton, Biabee, and Ajo in Arizona, 
in Nevada, at Santa Kita in New Mexic 
at Bingham in Utah, not to mention 
fences outside of this country, coppe 
generally similar to those of Ray and 
are closely associated with monzonite poi 
or with porphyry intermediate in chi 
between monzonite porphyry and { 
porphyry. In some of these districts tl 
dence for an essential genetic relati 
between ore and porphyry is plain; in 
it is more or less equivocal to anyon 
permits himself to realize that some ore: 
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Owing to the lack of original uniformity of 
composition the rocks in which the ore occurs 
at Ray and Miami are not favorable jbo the 
accurate chemical comparison of altered with 
imaltered rock, and it is not possible to 
determine satisfactorily the increases and 
decreases in the rock mass that accompanied 
protore deposition. Two elements that the 
depositing water brought up from below 
were sulphur and copper. Probably, also, mo- 
lybdenum and silicon should be added to these, 
for it does not seem likely that molybdenite 
was originally present in the schist, and the 
direct comparison of analyses of schist and 
protore, which it is to be remembered is a 
comparison not of equal volumes but of equal 
weights of the two rocks, appears to indicate 
some silicification. On the other hand, although 
the abundance of pyrite in the protore suggests 
the addition of iron, the analyses indicate 
rather that the iron already present in the 
silicates of the schist and porphyry and as 
magnetite was more than sufficient to form the 
sulphide now in the rock. There is no develop- 
ment of carbonates at Ray or Miami and there»- 
fore nothing directly indicative of the presence 
of carbon dioxide in the hypogene solutions. 
The abstraction of soda and the lack of any 
^ notable increase of potassa in the protore as 
compared with the original schist and por- 
phyry do not, moreover, indicate liigh alka- 
Unity of these solutions. 

In the Ely district, inasmuch as the ortho- 
clase phenocrysts of the porphyry were not 
attacked by the ore-bearing solutions, Spencer * 
concluded that these solutions were saturated 
with respect to that mineral and therefore, by 
inference, comparatively rich in potassium. At 
Ray and Miami none of the common silicate 
minerals of the schist or porphyry have been 
entirely immune from attack, although in 
places the biotite of the porphyry has remained 
remarkably fresh, even after enrichment, al- 
though, as is well known, the mineral is com- 
pletely decomposable in the laboratory by sul- 
phuric acid. Tliis, so far as it goes, might be 
taken to indicate that the hypogene solutions 
were rich in potassium and iron, a result not 
in accord, however, wdth other effects produced. 

On the whole, the hypogene solutions appear 
to have been of rather feeble chemical activity, 

» Spencer, A. C, The geology and ore deposits of Ely, Nev.: U. 8. 
Ged. Survey Trof. I'aper 96, p. 65, 1916. 



and although the quantity of copper which th 
transported was large in the aggregate, it w 
small when measured in percentage of ti 
metallized rock mass. 

INFLI7ENCB OF STBUCTUBE. 

No clear relation has been made out betwe^ 
primary metallization and rock structure, 
may be said that such metallization has tak( 
place at or in the vicinity of the contact b 
tween schist and granite porphyry, but this 
true only in a general way. Typical proto 
may be found more than 1,000 feet from ai 
known porphyry mass of considerable siz 
Moreover, it is only along certain parts of tl 
contact region that any deposition has tak< 
place. In the Ray district, for example, tl 
schists near the' granite porphyry on Grani 
Mountain, although showing contact met 
morphism, are not noticeably sulphidized, ai 
in the Miami district it is only along the nori. 
em border of the north lobe of the Schult 
granite that the schists contain much dissen 
nated pyrite and chalcopyrite. 

The conditions that determined the ascei 
of metallizing solutions at any particular pla 
were doubtless complex. Essential ones mu 
have been permeabiUty of the rocks affects 
and an abundant supply of the active solution 

PermeabiUty, as shown by a study of tl 
protore, was due in largo measure to minu 
irregillar Assuring. This fissuring perha 
accompanied the formation of larger fissur 
along which faulting took place. Those larg 
fissures, however, are not easily recognize 
Most of the faults mapped in the Miami distri 
(PI. XXXIX) are believed to be younger tlu 
the deposition of the protore, but the observ 
ble facts upon which this conclusion rests a 
such as may have succeeded and obliterate 
evidence of older movement along the sar 
fissures. It may often be shown that a certa 
movement along a fault took place after certa 
other geologic events in the history of a distri( 
but it can rarely be demonstrated that th 
particular displacement was the first mai 
festation of faulting along the fissure. 

In the Ray district the Sun and Sharki 
faults and other less conspicuous fissures n 
mapped appear to be of considerable antiqui 
and may have contributed to the pernieabili 
of the schist at the time the protore w 
formed. 
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There appears to be no r^ular or significant 
difference between schist protore and porphyry 
protore as r^ards tenor in copper. Chalco- 
pjmte, however, if not more abundant, is in 
places a more conspicuous constituent of the 
porphyry protore theJi of the schist protore. 
Molybdenite also sAema to be more abundant 
in porphyry than in schist. Diabase does not 
occur in close association with the protore at 
Miami, but, as described on page 124, does 
have to be taken into accoimt in the Ray district. 
At Ray the mineralized diabase, as a rule, 
appears to carry more pyrite and chalcopyrite 
and to assay rather higher in copper than the 
average schist or porphyry protore. (See p. 
157.) This b not surprising when it is remem- 
bered that the diabase contains a much larger 
quantity of iron originally present as oxide 
and silicate than the other rocks and also, as 
has been shown in a previous pubhcation,' con- 
tains originally a little copper. Practically no 

1 U. S. Oeol. Survey Pral. Faptr IJ, p. 12, 1M3. 
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of enrichment, J. E. Spmr, for example, m 
the report by Spurr and Cox to the Ray Con- 
solidated Copper Co. (unpublished), estimated 
that in one place 467 feet of rock had been 
leached and removed from above the present 
ore bodies. Another estimate made by the 
same geologist in the same report, based prob- 
ably on slightly different data, gave 575 feet. 
These figiuvs, it may be noted, agree fairly 
well with the 500 feet estimated by Spencer * 
as a minimum for the Ely district, Nev. 

These estimates are based on the assumpticoi 
that the process of enrichment has been con- 
tinuous and that all the copper has been car- 
ried down and redeposibed. As will be shown 
later, the process is probably cyclic, and, if the 
deposits have been subjected to erosion long 
enough to permit the completion of one or 
more cycles, a large part of the copper may 
have been carried away and lost. Even where 
the complete cycle is not developed, probably 
considerable copper is shifted laterally in solu- 
tion and is not added to the ore body. Conse- 
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quently the estimates given, on the supposition 
that the average tenor of the protore, another 
uncertain factor, has been correctly estimated, 
are likely to be under rather than above the 
truth. 

It is probable that at the time the protore 
was deposited at least 500 feet of rock lay 
above the present surface, and it is not at all 
unlikely that the thickness was several times 
the figure mentioned. The crystallinity of the 
granite porphyry and the character of the 
metamorplusm that accompanied or followed 
the intrusion are both indicative of the solidi- 
fication of the magma under a fairly thick 
cover. In the Miami district the granite 
porphyry itself, at the present day, is in places 
fully 750 feet thick above the ore. 

POSSIBLB FUNCTIOK OF ADSOBPTION. 

Adsorption is the property possessed by 
some substances, especially those in a fine state 
of division, of precipitatiog solids from solu- 
tion through. the operation of the principle of 
surface concentration. Solutions are more con- 
centrated at their surfaces than in the body of 
the liquid, and any conditions that tend to 
increase the surface of a solution tend also to' 
local concentration of the solute and conse- 
sequently to precipitation. 

If the hypogene solutions found access to 
the zone of deposition through comparatively 
few and relatively large channels or fissures, 
then upon reaching the mesh of tiny fissures in 
the schist and porphyry within the r^on of 
deposition their surface area must have been 
enormously extended, with a consequent in- 
crease in local concentration and a tendency 
toward precipitation or greater chemical ac- 
tivity. It is not known whether such physical 
conditions actually existed, but it is perhaps 
well to bear in mind the possibility of adsorp- 
tion having a part in the deposition of ore in 
porous or minutely fissured rocks. 

aEOLOGIC AGE. 

The deposition of the protore probably fol- 
lowed closely the intrusion of the granite por- 
phyry, but no facts are known that might serve 
to fix this event defmitely in geologic time. 
The granite porphyry is younger than the dia- 
base, whose intrusion, on general grounds rather 
than from any definite evidence, is supposed to 
have taken place at the end of the Mesozoic 



era. It appears reasonable to regard the i 
trusion of the granitic porphyries a^ an eai 
Tertiary event, but it must be admitted th 
this is little more than conjecture. The <] 
position of the protore certainly took place aft 
the layiQg down of the Tornado (Mississippi; 
and Pennsylvanian) limestone and before t] 
eruption of the dacite. 

ENRICHMENT. 
GENERAL CHARACTER OF THE PROCESS. 

The general progress of enricliment 
disseminated copper deposits, with speci 
reference to those in porphyry, has be< 
admirably outlined by Spencer* as follows: 

The chemistry of downward chalcocite enrichment m 
be treated by following in imagination the incidents 
the journey made by rain water, which falls on the 8urfa< 
soaks into the ground, and penetrates an existing ore bod 
The subject is here considered with special reference 
the porphyry ores of the Ely district. 

Rain water carries in solution the gases of the atm< 
phere, including oxygen and carbon dioxide. In ai 
and semiarid r^ons it contains also noteworthy amoui 
of common salt, which may be regarded as of wind-bloi 
origin. As these waters pass into the soil and into t 
porous weathered capping that lies above the ore nu 
they come into contact with orthoclase and mica a: 
with oxidic compounds of iron and copper (includi 
limonite and its congeners), basic sulphates carrying ir 
or copper, and basic carbonates of copper. Metal 
copper and the red oxide, cuprite, are also fairly comm 
in the overburden. The silicate minerals in the cappi 
tend to make the water alkaline,^ but as they are or 
slightly attacked this tendency is likewise slight. Of t 
metallic minerals in the capping, those containing si 
phate decompose, being somewhat soluble, the resi 
being to produce and to leave in place limonite and copp 
carbonates and to furnish small amounts of iron and pot 
slum sulphates to the solution. That the copper carl 
nates, though relatively stable, yield gradually to sol 
tion is shown by the much smaller amount of copper 
the upper part of the capping than in the lower pa 
Thus far the dissolved oxygen does not enter largely ir 
the reaction, because most of the minerals of the cappi 
are already fully oxidized. The only exceptions to 
noted are cuprite and native copper. Also, the carbot 
dioxide has been by no means exhausted. 

Everywhere the capping, which is colored characti 
istically red by ferric-iron compounds, gives place by 
short transition to gray or bluish ore. Just beneath t 
capping the solution encounters material rich in sulphi 
minerals that are subject to ready oxidation. Here, the 
chemical action between the oxygenated waters and t 
sulphide minerals ensues, a series of reactions bei 



» Spencer, A. C, Otology and ore deposits of Kly, Nev.: U. S. Gc 
Survey Prof. Taper 96, pp. 76-77, 1916. 

* Cameron, F. K., and Bell, J. M., U. S. Dept. Apr. Bur. Soils Bi 
30, pp. 12 et seq., 1905. Clarke, F. W., The data of geochemistry, 
ed.: U. 8. Geol. Survey Bull. 616, pp. 47&-483, 1916. 
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Although the ehemiBtry td enrichment in ita 
hroad ontlinea is fairly well understood, many 
details and special problems remain to be 
work'ed out. These are being attacked in a 
joint study under the auspices of American 
copper companies, the Harvard Mining School, 
and the Geophysical Laboratory of the Carnegie 
Institution of Washington. In view of the 
geol<^ic and chemical ability thus focused on 
the subject of enrichment and the progress 
already made, it is scarcely to he expected that 
a geologic report on only two districts wherein 
the operation of the process is similarly dis- 
played should go very deeply into the chemical 
discussion of enrichment. All that will here he 
attempted will be a general account of the 
process as locally exemplified and the presenta- 
tion of such suggestions as may have sprung 
from observations in the districts described. 

The foregoing quotation from Spencer gives 
a clear picture of the process in operation, but 
it is incomplete, as it takes no account of condi- 
tions before the formation of some oxidized 
capping and omits to describe important 
changes that it is believed may take place after 
a certain stage in enrichment has been reached. 
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conditions could a large tc 
be suddenly exposed to weathering. Nor- 
mally rock of that kind would he brought 
within reach of atmospheric attack only by 
the slow removal of overlying rock by erosion, 
in the course of which pyrite might never 
appear at the surface, and the weathering of 
the protore would begin gradually. The sul- 
phides first reached would perhaps be sparsely 
disseminated, and oxidation of them would 
proceed only here and there where conditions 
were especially favorable for the descent of 
oxidizing water. As successively deeper-lying 
portions of the pyritized rock were encroached 
upon by the zone of oxidation chemical activity 
would increase and the process of downward 
concentration of the copper by the reduction 
of sulphate solutions would attain full swing. 

At first the oxidizing solutions worked on 
pyrite and chalcopyrite. But as tho process 
went on, increasing quantities of chalcocite 
were deposited lower down at the expense of 
the pyrite and chalcopyrite, and this chalcocite 
gradually, as erosion progressed, come into the 
zone of oxidation. Finally a stage must have 
been reached in which chalcocite, not pyrite, 
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became the chief sulphide under the attack of 
the atmosphere and of descending water. 

Various steps in the oxidation of pyrite 
may be indicated by the following equations: 

FeS,+40=.FeS0,-fS (1) 

FeS,+60-FeS0,+S0, (2) 

FeSj+TO+HjO^FeSO.+HjSO, (3) 

2FeSj 4- 150 +HaO -FcjCSO,), +H3SO, . . - (4) 

The products are ferrous and ferric sulphate, 
sulphur dioride, and sulphur. 

The oxidation of cftialcocite by atmospheric 
oxygen may be represented as follows: 

2CujS+0 = 2CuS+Cu30 .^ (5) 

CuS + 40=CuS0, (6) 

Here the products are cuprite and cupric sul- 
phate. In the absence of pyrite, there is no fer- 
rous or ferric sulphate and no free sulphuric acid. 

The significance, as regards enrichment, of 
the difference between the oxidation of cu- 
priferous pyritic material and the oxidation of 
chalcocite alone does not appear to have 
received much investigation from the chem- 
ical side, but observation in the Miami dis- 
trict strongly suggests that the process of 
enrichment is far more active when the 
material undergoing oxidation contains abun- 
dant pyrite than when it is chiefly chalcocite. 
The presence of free sulphuric acid in the one 
case and its absence in the other might be 
taken as an indication that acidity favors 
enrichment. Spencer,* however, reached the 
conclusion that '^ under natural conditions 
chalcocite will not replace primary sulphides 
when the acidity of the cupriferous solutions 
exceeds some rather small minimum, '* and 
Zies, Allen, and Merwin^ found that, in 
laboratory experiments, sulphuric acid retards 
but does not change the nature of the reaction 
between pyrite and cupric sulphate. 

The laboratory work, however, though essen- 
tial and illuminating in helping to explain the 
process of enrichment, is necessarily carried out 
imder conditions far simpler than those existing 
in nature, and this fact should never be lost 
sight of when the results of the laboratory are 
apphed to the facts in the field. Tlius although 
in a system of pure pyrite and cupric sulphate 
free sulphuric acid may retard the deposition 
of chalcocite on the p^Titc, other reagents also 

> Spencer, A. C, Chalcocite enrichment: Econ. Geology, vol. 8, pp. 
647-^8, 1913. 

« Zies, E. G., Allen, E. T., and Merwin, II. E., Some reactions Involved 
in secondary copper sulphide enrichment: Econ. Geology, vol. 11, p. 
444, 191ft. 



come into play in a natiu'al deposit, and these 
may modify the conclusions drawn from experi- 
mental work. 

The effective constituent in a cupriferous 
enriching solution is cupric sulphate, with, when 
suitable reducing agents are present, the still 
more efficacious cuprous sulphate. 

Inasmuch as the oxidation of chalcocite alone 
yields cupric sulphate, and as this highly soluble 
salt is an effective enriching agent, it is not 
immediately apparent why, when chalcocite is 
the only sulphide exposed to weathering, enrich- 
ment should not proceed as rapidly as when 
pyrite is abundant in the zone of atmospheric 
attack. It is a matter of observation, how- 
ever, that when chalcocite weathers, especially 
in f eldspathic rocks, part of the copper is not car- 
ried away as sulphate but is converted into car- 
bonate or silicate and remains near the surface. 
This conversion of the copper from a highly 
soluble to less soluble forms could not take place 
especially as regards the carbonates, if free sul- 
phuric acid were abimdant, and here probably 
is an illustration of a way in which sulphuric 
acid, notwithstanding its retarding influence as 
shown by laboratory studies of enrichment, 
may, under natural conditions, facilitate rather * 
than check that process. 

Whatever may be the effect of the sulphuric 
acid set free when pyrite oxidizes, a consider- 
able part of the greater activity in enrichment 
when this mineral is present must be ascribed 
to the formation of ferric sulphate, which is an 
active solvent for copper sulphates.' It reacts 
rapidly with chalcocite in accordance with the 
equation 

Fcj (SO J 3 + Cu,S = CuSO^ + 2FeS04 + CuS. 

The resulting coveUite is more slowly attacked 
as follows: 

Fej(S0,)3 +CuS + 30 +H,0= 
CuSO^ + 2FeS0, + II^SO^ 

Thus, so long as pyrite is present, the copper 
is being taken into solution and being redepos- 
ited by reaction with sulphides at lower levels. 
Of course malacliite and chrysocolla, although 
far less soluble than cupric or cuprous sulphate, 
are not immune from solution. The occurrence 
of the hydrous copper sihcate now being depos- 
ited in some of the mines, as described on page 
140, shows clearly that the copper can migrate 
in the form of sihcate. The chrvsocolla veins 
formerly worked in the Keystone and Live Oak 

s Emmons, W. II., The enrichment of ore deposits: U S. Qeol. Sur- 
vey Bull. 625, p. 159, 1917. 
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ground at ^Gami and the chrvsocoIlA one at the 
base of the dacite in the WarTf«>r mine in the 
Miami d&>tnct and at othi?r p!A«*es in bc-th the 
Miami and Rav dinri-ris ar^ be-ILe-Ted to be the 
iiKt>rk of 5«:fei:rs Thas '•"we d«rr^ from the 
oxidanioci c( iTje &s^c~az^ 5ch>hide5 and 
thas camec lie ^n: ?wr *? slirare- Xo evidence 
h«i K»«: f-r/zzaf,, icv^T-^-. to sri»:-'«' that silicate 



or diT^'CA^e 5cfei:Q5 *:? «>pper have anywhere 
l^«: *.-dT-* rr ecr5Tl±:;5 5::!i»hid€s. The occur- 
:if ::irr?c».vila azid malachite at consider- 

'«e v>f«]i ir t>.e Miami mine, as described on 
'!*. * A> v-I^at' V r«5TiIted from the oxidation 
oc .*ra>.v'.v :=. place. The solutions that 
edf^ :<^i :>:^ oxidative do not appear to have 
a^-vw. ar,y !»table quantity of copper to the 
arvcr.: alr^dkiy pret>ent in the rock but to have 
vXNr:r>u:^i v^uly the carbonate and silicate 
rftv^v W. In other words, this so-called oxi- 
v^nxl orv. which was once chalcocitic ore, sup- 
ixY^Kvi'v v^f aKmt the same general grade as the 
r\^; of tho depocidt, now contains less rather 
ihau tiu^n^ \vppor than the unoxidized ore in 
its viv'iuity, 

Ttxat tho \vp|H>r giH« less readily into solution 
ii\ do|HViits of chn-socolla and malachite than in 
jwrino sulphido do{Hisits is a matter of direct 
oiworvHti\M\. In tho Miami district mine dumps 
in wlu^ h tl\o ooppor is prtwont chiefly as silicate 
or crtihoiuito sliow little change in color or char- 
aclor wftor several ytMirs* exposure to Uie 
\vo«!l\or. lii the pyritic dumi>s, on tho other 
hand, tlu^iv is rapid oxidation, both copjw and 
\\\\\\ ktt»inK inti> solntitMi as sulphattv which are 
patllv luul loniporarily nuleiHwit^ul as eflloros- 
ooni tMiatinfCrt. l»^ '***»"*^ placw also active 
olioMilt^iil eliiuiKo is shown by a port^eptiblo odor 
orNulplnir illoxicie. 

*riie iMinclnrtion is nmrhod that when enrich- 
llient Ihm* pniKiwHoil ho fur that the snlphidtvs 
j,ii,„„i|iHhi|y honeiUh the capping have lunm 
imMViii'li««l ahu<»Ht wholly to the rt^lativt^ly stable 
iihHl*'«»"ite Ihn |iroiHiHH nKiws. the chalcocite 
iMM^tini'" Kimliiiilly i'iHiviM'ted io malachite luid 
nlll'V**"*'*""' *^***' '' orosion proceeds at its 
lirllji'**^' "*^** ***' '** iMMMilenited hy fuuUing or 
HillMl' illiMnli'ophir movements it may overtake 
^lihiiiiinl' hihI iiMiM'k the wvk containing 
^Ijyi I'lM'lMinaln and silicate. This appears 
^1^ mniHiMally Iho eondithm at the New 
|£MMtoiH« MiJMM hi the Miami district. 

f|»i** niMrliittion l« itHlwnhul as probable 
^gf iJiHM aitiuiillv denionstratetl. If it is 



correct, then a deposit that has resulted from 
prolonged erosion and enrichment may have 
p«sed throu^ one or more stages^ during 
which much of the copper collected by down- 
ward enrichment was swept away as sedimen- 
, tary detritus and in solution in sxu-f ace waters. 

With the disappearance of the protecting 
chalcocite and the continued lowering of the 
surface by erosion pyritic protore would again 
be exposed to the action of air and downward- 
seeping oxidizing water^ and a second cycle of 
enrichment would begin. 

Between the intrusion of the granite por- 
phyries asdbciated with the ores and the 
eruption of the dacite the region was deeply 
eroded, as shown by the fact that in that 
period the porphyries, which must have solidi- 
fied under considerable cover, were exposed 
and contributed detritus to the Whitetail. 

Direct evidence of the superposition of the 
Whitetail formation or the dacite on the eroded 
granite and granite porphyries is scanty. 
In the western part of the Miami district the 
porphyry and dacite are in contact at a nimi- 
ber of places, but the two rocks appear to 
have been brought together by faulting. 
Just north of Hutton Peak, in the western 
part of the Globe quadrangle, on a weathered 
surface of the Schultze granite, dipping about 
30® S., is a layer, a foot or two thick, of soft 
gtay clayey material containing some pebbles. 
Above the clay is a bed, at least 20 feet thick, 
of breccia composed chiefly of schist frag- 
ments and interpreted as representative of 
the Whitetail formation, which is highly 
variable in thickness and constitution. Above 
the breccia lies the dacite, apparently as 
orig^ally poured out, although the contact 
between breccia and dacite is not exposed. 
Tlie gray clay might possibly be interpreted 
as a fault gouge, but it probably is a bedded 
deposit. Northwest of the Pinal ranch the 
dacite as seen in a reconnaissance trip appears 
to lie on an erosion surface of Schultze granite 
and Pinal schist, and is thus yoimger than 
the granite and than the porphyry with which 
the ores at Miami are connected. 

Altliough it is believed that the process of 
enrichment has potentially a cyclic character, 
it mav well be doubted whether this char- 
actor is often manifested in the simple, definite 
order of changes just outlined. There are 
many complicating factors, such as rate of 



ORIGIN OF THE COPPER DEPOSITS. 



erosion, depth to underground water level; 
climate, topography, and country rock, that 
must be taken into account. For example, 
it is conceivable that erosion might be so 
slow, the climate so arid, and drainage so 
feeble that the copper in the exposed chalco- 
cite zone would, after oxidation, continue 
to be carried down and redeposited by enrich- 
ment of protore. Or, to put the matter 
somewhat differently, the appearance or ab- 
sence of typical cyclic character might depeyid 
upon the relative speeds of denudation on the 
one hand and of the chemical changes con- 
tributory to enrichment on the other. Again, 
climate, by determining the physical condi- 
tion of the soil, the nature of the v^etation, 
and the character of the rainfall, might be 
the dominant factor in deciding whether 
loose particles of malachite 'or chrysocoUa 
are to be dissolved and the copper carried 
down into the earth, or are to be swept like 
other detrital grains into the nearest stream. 

CHRONOLOGIC RELATION OF ENRICHMENT TO 

OTHER QEOLOQIC EVENTS. 

• 

The greater part of the enrichment in 
both the Ray and Miami districts is believed 
to have taken place before the deposition of 
the Whitetail formation, which is a land or 
continental accumulation of coarse detritus 
that underlies the dacite. The evidence upon 
which this conclusion rests will now be briefly 
summarized. 

In the Ray district the nearly horizontal 
base of the Whitetail formation on Teapot 
Mountain is at least 800 feet lower than the 
highest granite porphyry exposed on Granite 
Mountain within the area mapped on Plate 
XLV. The two localities are only a mile and 
a half apart, and the observed relation could 
scarcely exist had not the granite porphyry 
been exposed by erosion before the deposition 
of the Whitetail. 

Finally, the Whitetail formation on Teapot 
Mountain contains fragments of granite por- 
phyry identical with what was described 
on page 62 as the Teapot Mountain porphyry. 

It thus appears fairly certain that the 
r^on was profoundly eroded after the intru- 
sion of the granite porphyries associated with 
the ore and before the deposition of the 
Whitetail formation, or at least before the 
eruption of the dacite. The deposition of 



the protore, without much question, closi 
followed the intrusion of the porphyri 
Consequently it must be concluded that 
also must have been eroded, at least in pa 
and if so, enrichment probably took pla 

Spurr has estimated that from 467 to S 
feet of rock must have been leached and : 
moved to supply the copper in the Ray ( 
body. It has been shown that this estimate 
more likely to be under than above the tnii 
Now, there can not be much question that t 
Whitetail formation once covered part if r 
all of the ore-bearing area of the Ray distri 
(See PL XLm, B. ) The present base of this f < 
mation on the side of Teapot Mountain nearc 
to the ore body is from 2,700 to 3,000 f( 
above sea level. Humboldt Hill, under whi 
is the thickest ore known in the district, sto( 
before it was imdermined by stoping, at 2,6 
feet. Thus, should it be maintained that e 
richment has taken place chiefly during t 
present erosion cycle, it would be difficult 
show how sufficient rock could have been i 
moved to yield the necessary copper. 

As already shown, the relation of the upp 
surface of the ore body to the present tope 
raphy, while not so close as to suggest that e 
richment and the development of that togc 
raphy went hand in hand, is not such as 
indicate in any very strikin*^ way that the t^ 
surfaces were independently developed. T 
residt, in fact, is what might be expected 
the principal enrichment took phice before t 
deposition of the WTiitetnil formation, and 
since the stripping away of that formation, t 
process has been renewed and has made pre 
ress conunensurate with the comparative 
small thickness of rock that has been erod 
since the pre- Whitetail surface was uncovere 

In the Miami district, on the other hac 
the lack of parallelism between the top of t 
ore and the present surface is more strikir 
(See pp. 147-148.) The deepest ore in that d 
trict occurs where the surface is covered 1 
dacite and Gila conglomerate, with possil 
some of the Whitetail formation, which has 
wide range in thickness and is not everywhe 
present between the dacite and the older rod 
Most of such ore, moreover, is below the prese 
level of undergroimd water. These facts i 
dicate not only that the enrichment took pla 
before the dacite was poured out over the si 
face, but that the faulting and tilting that ha 
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'Die coaneoeas of tlie olftterial: df tiiA W&ill»> 
tail formation and the great and loeal Taxiatkoii 

in the thickness of that deposit are indicative of 
a surface of fairly strong relief, although per- 
haps not as rugged as that of to-day. It is not 
possible, however, from data so scanty to recon- 
struct that surface in imagination or to ascer- 
tain the particular relation that formeriy 
existed between it and the ore. 

mFLTTINCS OF QIOLOQIC STKUCTUBS. 

The effectiveness of enrichment, like tiiat of 
hypogene dejjosition, is conditioned upon per- 
meability of the metallized rocks. Conse- 
quently any structural features that facilitate 
the descent of air and oxygenating waters into 
the earth favor emichment, while, on the other 
hand, unusual closeness of rocfc texture or the 
presence of fiatr-lying impervious seams of 
gouge tend to prevent or limit enrichment. 

The schist in which the greater part of the 
ore occurs is so imiform in character that it has 
not proved possible to subdivide it into units 
such as might serve for determining the manner 
in which this rock has been folded, squeezed, 
and faulted since it lay as a sedimentary deposit 
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at the bottom of a pre-Cambrian sea. For all 
practical purposes, as regards ore deposition, 
the schist apparently may be considered as 
homogeneous material. TTie porphyry is also 
homogeneous. Consequently, as concerns these 
two rocks, the only structural elements that 
may have influenced enrichment are fissures and 
the contacts between the schist and porphyry or 
diabase. 

Undoubtedly enrichment has been favored by 
fissuring, the ore in well-fractiu'ed rock being 
as a rule of better grade and thicker than else- 
where. It is not always the larger and more 
conspicuous fissures, however, that are the 
most effective channels for enriching solutions. 
Much of the downward migration of copper has 
taken place through small irregular cracks such 
as generally accompany the larger fractures. 
These larger fractures may contain relatively 
impervious gouge and thereby hinder rather 
than facilitate the movement of undergroimd 
water. On the side of such a gouge upon 
which the enriching solutions impinge the ore 
may be exceptionally good, while on the other 
side little or no enrichment may have talcen 
place. Enrichment, however, is not necessar 
rily on the upper side of an inclined gouge seam ; 
for although the enriching solutions are gener- 
ally descending and the process may conse- 
quently be referred to as supergene, neverthe- 
less not all the water sinks directly downward. 
It is quite possible for meteoric water, through 
certain relations of a gouge-filled fissure to the 
topographic surface or to other fissures, aided 
by differences in the amount of fracturing that 
different parts of the rock mass have imder- 
gone, to find its way more readily and more 
abundantly to the f ootwall side of a gouge than 
to the hanging wall and to move there underlocal 
artesian conditions. In this way are probably 
to be explained those occasional drill records 
which show an inversion of the usual sequence — 
those, for example, in which ore occurs imder 
pro tore or *' capping'' under ore. Such occur- 
rences, as will presently be shown, indicate 
that enrichment was effected chiefly in a zone 
or layer of rock above any general level of 
underground water. 

It has already been noted that some of the 
best portions of the ore bodies at Miami and 
Ray occm* where the schist is cut by small 
bodies of porphyry, either projecting from the 
main mass or as detached masses and dikes. 



It has been conclude 
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to the fact that by i 
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Certain surface featiires, not only in the two 
districts kere described but elsewhere in arid or 
semiarid regions, are generally recognized as 
indicatinr the presence of copper ores due to 
enrichiuqlit. Given the fundamental associa- 
tion of ik granitic rock, usually a granitic 
porphyri, intrusive into rocks favorable for 
pyritic ^sscniination and subsequent enrich- 
ment, tie most obvious suggestion of the 
existencf of ore is likely to be a general rustiness 
of the lick outcrops, due to the presence of 
Umonitel and probably other hyc^ous oxides 
of iron, Jef t behind in the oxidation of pyrite. 
Experieice seems to show that intense redness 
is not 4 very favorable sign. At what are 
called tUe Red Hills north of Ray and in the 
part of the Miami district just west of the No. 3 
shaft of the Miami mine driUing has shown 
practically no enrichment or only thin and 
low-grade ore beneath the conspicuously red 
I surface, On ^he tvpioa l-surface above an^pre 
bodyji^jprevaihng hue is brown or^y^aw, the 
general effect produced by the presence of iron 
oxide as films on or along innumerable fractures 
' in a rock that has itself been bleached nearly 
, white. Although it is possible that enriching 
solutions may have moved laterally and in 
some places accomplished enrichment beneath 
rock that does not at the surface show any 
notable oxidation or leaching, yet it is very 
doubtful whether any large masses of ore occur 
in such situations. This, of course, does not 
mean that ore may not be foimd imder \m- 
altered rocks that are yoimger than the period 
of hypogene minerahzation or that may have 
been shoved by faulting over previously metal- 
Uzed rock. 

In attempting to estimate the probabihty 
of the existence of ore imder an oxidized sur- 
face, search should be made for the presence of 
^artz stringers in the oxidized material. 
Abundant small quartz stringers indicate that 
the rock was at one time fissured'and permeable 
and that it has been traversed by silica-bearing 
solutions such as might have deposited cuprif- 
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erous sulphides. If the quartz shows cavi 
recognizable as having once been filled 
pyrite, the probabihty of the presence of 
ore body is increased. 

The surface may not everywhere show 
presence of copper minerals, such as malacl 
or chrysocolla, but in both the Ray and 
Miami districts there are places where be! 
any prospecting was done the rocks displa; 
immistakable evidence, in the form of gr 
stains, that copper-bearing solutions had b 
active. 

Experience at Miami shows that the po 
bihty of considerable changes in imdergroi 
water level since the ores were deposited m 
be kept in mind. It can not, for exam; 
be safely concluded, unless the geologic hist 
of the district is well known, that if wate 
reached at a depth of only 100 feet enrichm 
in a zone above water level could not h 
gone on in rocks now far below the pres 
water table. 

The conclusion reached with regard to 
Miami and Ray ores that enrichment U 
place before the accumulation of the Wh 
tail formation carries the very important co 
lary that ore may occur imder this and 
two later formations, the dacite and the ( 
conglomerate. Such a possibility obvioi 
opens the door for ventures of highly speci 
tive character, although consideration of 
available geologic facts must show that 
possibilities of the occurrence of ore are mi 
better under certain areas of conglomerate 
dacite than under others. For example, th 
is nothing to indicate the presence of ore un 
the large area of Gila conglomerate southe 
of the Miami district, between Globe and 
main Pinal Range. On the other hand, 
manner in which the Miami ore body ends 
the Miami fault, considered in connection ^^ 
the occmrence of the Old Dominion and ot 
copper deposits due east of the Miami ore b< 
and on the other side of the conglomerate ai 
suggests that an attempt to explore the im 
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Alblte* An end member of the plagioclase Beiies of 
feldspaiB, the one containing no calcium and con- 
sisting of Bodium-aluminum silicate. Sodium feld- 
spar. Less common than the intermediate members, 
which may be considered as mixtures of albite with 
the other end member, anorthite. 

AllAntte. A comparatively rare mineral closely related 
to conmion epidote and occurring generally as a 
microscopic constituent of igneous rocks. It contains 
a number of the rarer elements. 

Allotriomorphic. See Anhedral. 

AlluTtal fan. The outspread sloping deposit of boulders, 
gravel, and sand left by a stream where it passes from 
& gozge out upon a plain or open valley bottom. 

Alunlte. A white or light-colored, generally soft, and 
earthy mineral consisting of hydrous sulphate of po- 
tassiiun and aluminum. Closely resembles kaolinite 
and occurs in similar situations. Generally, the result 
of the action of water containing sulphuric acid on 
feldspathic rocks, as when pyrite in granite porphyry 
is oxidized. Where abundant, utilized as a somt^ of 
alum or potash. 

Amphlbole. A large group of rock-making silicate min- 
erals of a wide range of color and composition. ,The 
group is related in various ways to the pyroxene 
group. Hornblende is a common member of the 
amphibole group. All amphiboles have a charac- 
teristic cleavage along two sets of planes, one meeting 
at angles between 54^ and 56^ and the other between 
124*» and 126^. 

Andaluslte. A lightrcolored, usually white, pink, or 
gray mineral of elongated prismatic form conmion in 
rocks that originally contained clayey material and 
have been metamorphosed by intrusive igneous rocks. 
A silicate of aluminum. Crystals often rough and 
irregular in form. 

Andeslne. One of tho plagioclase group of feldspars. A 
silicate of sodium, calcium, and aluminum, in which 
the sodium ia in excess of the calcium. Generally 
white and not often identifiable without the micro- 
scope. An abundant constituent of andesite and 
diorite. 

Andesite. A lava of widespread occurrence, usually of 
dark-gray color and intermediate in chemical com- 
position between rhyolite and basalt. 

Anhedral. Applied to a crystal without crystal planes, 
and consequently of rounded or irregular outline. 
Same as xenomorphic or allotriomorphic. 

Anorthite. An end member of the plagioclase feldspar 
series, the one consisting of calcium-aluminum silicate 
and containing no sodium. The intermediate plagio- 
clases may be regarded as mixtures of anorthite with 
the other end member, albite. 



» This glossary of terra;* that may l)e unfamiliar to some readers of the 
report, is, of course, not prepared for geologists or for mining engineers 
\*ith geologic training. They will realize that full and accurate explana- 
tion of most scienUfic terms in familiar language is impossible. The 
best that can be hoped for is a rough approximation to the truth. 



Anticline. An arch of bedded or 1: 
in form of an overturned canoe 
Syncline.) The term has refer 
the rocks, not to the form of th 

Apatite. A mineral composed ch 
phate, in small six-sided prisms 
abundant constituent of many : 
ally microscopic. 

Aphanitic Having a texture so fi 
grains or crystals can not be d 
naked eye. 

Arkose. A sedimentary rock com 
tides derived from disintegrat 
present in approximately the 
had in the igneous rock. Arko 
distinguish from granite by the 

Arltosic. Having wholly or in i 
arkose. 

Au^te. A oommon rock-formini 
black and in short stout prism 
sential constituent of diabase a 
silicate of calcium, magnesium, 
but composition is complex a 
guishable from hornblende by i 
planes meeting nearly at right 
with the oblique cleavage angle 
al9o Hornblende. 

Aiurite. The mineral form of t 
copper containing a little less < 
malachite. 

Basalt. A conmnon lava of dark col 
when molten. Basalt is le«8 e 
and rhyolite and contaijia mucl 
and magnesiiun. 

Biaxial. Applied to crystals whos 
and behavior toward light are 
metrical about any single line c 
under "birefringence," a beam 
ized) light on entering any cryst 
system is split into two beams, 
tions within the cryntal, travel 
In a biaxial crystal, however, tl 
or optic axes (hence the name) 
beams travel with the same sp< 
emerge without birefringence, 
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Bolson (pronounced bowl-aownO. A flat-floored desert 
valley that dralna to a central evaporation pan or 
playa (pronounced nearly plah^-yah). 

Bomlte. A sulphide of copper and iron having when 
freshly broken a characteristic metallic brown tint 
which soon changes, on exposure, to various bright 
colors. From the latter circumstance the mineral 
gets one of its common names , * * peacock ore . * ' Bom- 
ite contains about 55 per cent of copper, 16 per cent 
of iron, and 28 per cent of sulphur. 

Brachlopods (Brachlopoda). A class of marine shelled 
animals very abundant in past geologic ages but 
represented by few species in the present seas. 

Breccia (pronounced bretch^a). A mass of naturally 
cemented angular rock fragments. Breccias are of 
various kinds. Some are formed by the crushing of 
the rock along a fault, some by explosive volcanic 
eruptions, and others have been deposited by running 
water where the fragments were not carried far enough 
to round them. The Gila conglomerate grades into 
material that is nearly or quite a breccia of the last 
kind mentioned. 

Calclte. The most abundant mineral form of calcium 
carbonate. A white or light-colored mineral, easily 
cut with a knife and cleaving perfectly in three direc- 
tions along planes that meet obliquely. Calcito is 
the chief constituent of limestone and marble, is a 
product of the weathering of most igneous rocks, and 
occurs in many veins. 

Cartog^mphlc. Pertaining to a map. In geology a 
cartographic unit is a rock or group of rocks that is 
shown on a geologic map by a single color or pattern. 

Chalcedony. The form of silica which, when artificially 
colored, is familiar to all as agate. It is very finely 
crystalline quartz with sometimes more or less opal 
and other less common forms of silica also present. 
In the Miami district some of the chalcedony, deli- 
cately colored by chrysooplla, has been used as a gem. 

Chalcoclte. A mineral composed of sulphide of copper 
and containing about 80 per cent of copper and 20 
per cent of sulphur. Chalcocite is what is known to 
chemists a^ the cuprous sulphide of copper, in which 
two atoms of copper are combined with one atom of 
sulphur, whereas the blue sulphide of copper, covel- 
lite, is the cupric sulphide containing one atom of 
copper to one atom of sulphur, or 66.4 per cent of cop- 
per to 33.6 per cent of sulphur. Chalcocite is of 
metallic appearance when freshly broken and of dark 
lead-gray color. It is efwily cut with a knife. The 
mineral is the characteristic and most valuable prod- 
uct of the downward enrichment of copper ores and is 
the chief source of copper in the Ray and Miami dis- 
tricte. 

Chalcopyrlte. A brass-yellow mineral consisting of sul- 
phide of copper and iron. It contains 34.5 por cent 
of copper, 30.5 per cent of iron, and 35 por cent of 
sulphur. A common source of copper and probably 
the mineral from which much of the copr)er in the 
Ray and Miami ore bodies was originally derived. 
Distinguishable from pyrite by its greater softness, 
being easily cut or scratched with a knife. 

Ohalcotrichlte. A variety of cuprite in which the crys- 
tals are slender and hairlike. 



Chlorite. A group of soft green mica-like minerals com- 
mon in schists formed from igneous rocks and as de- 
composition products of biotite, augite, and other 
minerals. 

Chrysocolla. A mineral consisting of hydfous silicate 
of copper and containing about 36 per cent of copper 
and 20 per cent of water. Generally green or blue- 
green, in ciu^ed layers suggestive of the structure of 
agate. A product of the oxidation of sulphides con- 
taining copper. Some varieties are brown or black 
in consequence of impurities such as manganese oxide. 

Cleavage. In mineralogy the propjerty possessed by some 
crystals of splitting in certain aefinite directions, the 
result of the break being flat surfaces whose smooth- 
ness or polish varies in different crystals but is always 
the same for the same direction of splitting in crystals 
of the same substance. Cleavage is always pozallel 
with some crystal face, and a particular cleavage is 
designated with reference to that face. €ralena, for 
example, is said to have a cubic cleavage, for It breaks 
into right-angled blocks each side of which is parallel 
with the face of the cube, a common crystal form of 
the mineral. The familiar mineral quartz has no 
cleavage and breaks irregularly, like glass. The cleav- 
age of minerals is a highly characteristic property and 
is very useful in identifying them. 

Cllnochlore. A green mica-like mineral belonging to the 
chlorite group. 

Continental deposits. Sedimentary deposits laid down 
within a general land area and deposited in lakes or 
streams or by the wind, as contrasted with marine 
deposits, laid doWn in the sea. 

Corrasion. The mechanical wearing away of rocks by 
running water. The Grand Canyon of Arizona is a 
magnificent example of work done mainly by corra- 
sion. 

Correlation. In geology, the age relationships between 
the rocks of different areas; especially, with reference 
to stratified rocks, the relation of having been de- 
posited at approximately the same time or by processes 
continuously in operation, under identical conditions, 
from one area to the other. Fossils constitute the 
chief evidence in problems of correlation. For 
example, the Devonian limestone in the Ray-Miami 
region contains the same fossils as the Martin lime- 
stone at Bisbee. and as these fossils are thoroughly 
characteristic of Devonian marine life it is safe to 
conclude that the beds in the two areas were deposited 
at about the same time and probably in the same sea. 
The Scanlan conglomerate, if the supposition thatit is a 
marine wave-worked deposit is correct, was laid down 
along the shore of an advancing sea and was thus de- 
posited progressively and continuously imder identical 
conditions from one area to another. Correlation in 
the one case is established principally by fossils; in 
the other, principally by the physical character of 
the deposit and its relation to beds above and below it. 

Corundum. A mineral consisting of crystallized oxide 
of aluminum. Exceeded in hardness only by the 
diamond. In the Ray-Miami region known only as a 
microscopic constituent of some schists. 

Covellite. An indigo to dark-blue mineral consisting of 
cupric sulphide. See also Chalcocite. 
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Crtnolds (Crinoldes). A class of stemmed, flower-like 
marine ani^^ft^a inhabiting generally rather deep 
water. Popularly known as sea lilies. 

Cross-bedding. An oblique or inclined layering in 
some sedimentary rocks which may form a consider- 
able angle with the true bedding planes. Cross- 
bedding is especially characteristic 6f sands deposited 
by streams or by winds. 

Crystal. Most matter, when it passes from a dissolved 
or melted state into the solid state, tends to form 
regular faceted or flat-faced bodies known as crystals — 
that is, it tends to crystallize. The resulting solid 
mass may be a single crystal or an aggregate or group 
of crystals. If the passage from the melted to the 
solid condition is too rapid crystals may not have 
time to form, and the product is a glass. Each crystal 
is a little structiure or miniature building in which the 
blocks, invisible particles of matter termed molecules, 
are arranged in a perfectly definite way that is always 
the same for each kind of crystal. Every substance, 
moreover, capable of crystallizing has its own set of 
crystal forms that are unlike those of any other sub- 
stance. As a result of its definite molecular struc- 
ture a crystal is bounded by certain regular planes or 
facets which are the outward expression of its inner 
structure. Even if these faces are worn or broken 
off and only an irregular grain remains, the mineralo- 
gist by special methods can find out the structure 
of this grain and tell what its original crystal form 
must have been. A quartz crystal, for example, may 
be ground and polished into a ball, but the mineralo- 
gist can readily ascertain, by various means which 
can not be described here, that the ball is not glass 
but has the crystal structure of quartz and therefore 
must be quartz. The crystals in an igneous rock, 
like granite, may have so crowded one another in 
growing that all are packed together as closely fitting 
irregular grains with no crystal faces; yet the petrog- 
rapher by the use of the microscope can tell from the 
structure of each grain what its general crystal form 
would have been had it been given ample space to 
develop. 

As has been intimated , crystals grow. They do not, 
however, like plants and animals, absorb nutriment 
and build it into their bodies from within. On the 
contrary, they grow by adding one thin layer after 
another to their outer surface. 

The chief regularity in the outward form of a crystal 
consists in the fact that the angle at which one face 
meets another face is always the same for certain 
ciystal forms and is always the same between corre- 
sponding pairs of faces on all crystals of the same sub- 
stance. For example, the mineral cuprite, the red 
oxide of copper, sometimes ciystallizes as cubes. All 
six faces of such cubes may be true squares, but more 
commonly they are oblong and the crystal may be 
so slim a.s to resemble a hair more than a cube. Never- 
theless, each of the six faces will be found to meet its 
neighbors exactly at right angles, and the hairlike 
crystals are mineralogically cubic, although not 
geometrically so. Again, as is well known, quartz 
forms sharp-pointed crystals. The shape and size of 
the triangular faces that come together to make the 
point may vary greatly in different crystals, but the 
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Blorite. An even-grained intrusive igneous rock con- 
• aisting chiefly of the minerals feldspar, hornblende, 
and very commonly black mica. If the rock contains 
considerable quartz, it is called quartz diorite. 
Quartz diorite resembles granite and is connected 
with that rock by many intermediate varieties, 
including quartz monzonite and granodiorite. The 
feldspar in diorite differs from that in granite in con- 
taining calcium and sodium instead of potassium. 

Dtp. The slope of a rock layer, vein, or fissure, measured 
by the angle made with a horizontal plane. See aUo 
Strike. 

Dissected. Cut by erosion into hills and valleys or into 
flat upland areas separated by valleys. Applicable 
especially to plains or peneplains in process of erosion 
after an uplift. See Dissection. 

Bissectlon. In geology, the work of erosion in destroying 
the continuity of a relatively even surface by cutting 
ravines or valleys into it. 

Dolomite limestone. A limestone containing besides 
the mineral calcite (calcium carbonate) a considerable 
proportion of the mineral dolomite (calcium-mag- 
nesium carbonate). A magnesian limestone. 

Dome. Bock layers or beds bent into a short anticline, 
suggestive of an inverted basin. 

Drusy. Coated or lined with closely set, projecting 
crystals. 

Epldote. A mineral silicate consisting chiefly of calcium, 
aluminum, and iron, generally of a peculiar yellow- 
green color and of prismatic crystal form. A common 
product of rock alteration and so what is generally 
termed a secondary mineral. It may occur in lime- 
stone as a result of metamorphism by an intrusive ig- 
neous rock. 

Erosion. The group of processes whereby earthy or 
rocky material is loosened or dissolved and removed 
from any part of the earth's surface. It includes the 
processes of weathering, solution, corrosion, and trans- 
portation. The mechanical wear and transportation 
is effecte<i by running water, waves, moving ice, or 
winds, which use rock fragments lo jwund or grind 
other rocks to powder or sand. Sve also Denudation. 

Erosion Nurface. A land surface shaped by the disin- 
tegrating, dissolving, and wearing action of streams, 
ice, rain, winds, and other land and atmospheric 
agencies. 

Eruptive rock. A rock poured out from a volcano or a 
volcanic vent as molten lava or aa a hot mud flow. 
Lava. An extrusive, effusive, or volcanic nx'k. 
Eruptive rocks may flow over a land surface or over 
a sea bottom. Rocks composed of volcanic fragments 
blown into the air from a volcano are often classed a**^ 
eruptive or volcanic rocks, but although their material 
is volcanic their mode of deposition from air or water 
allies them ver/ closely to the sedimentary ro<^'k8. 
There are gradations between such fragment al vol- 
canic rocks and ordinary sandstones. 

Euhedral. Denoting a crystal that is well faced or com- 
pletely bounded by cr^-stal planes. Same as auto- 
morphic, or idiomorphi(;. 

Eutaxitic. Applied to the streaky texture of some glassy 
lavas in which included fragments of lava, while still 
hot and plastic, have been drawn out into streaks by 
the motion of the lava flow. 



Fades. Variety; especially applied to an igneous rock 
that in some respects is a departure from the normal 
or typical rock of the mass to which it belongs. Thus 
a mass of granite may grade into porphjrritic faciee 
near its borders. 

Fault. A movement or displacement of the rock on one 
side of a fracture in the earth's crust past the rock on 
the other side. If the fracture is inclined and the 
rock on one side appears to have slid down the slope 
of the fracture the fault is termed a normal feiult. If, 
on the other hand, the rock on one side appears to 
have been shoved up the inclined plane of the break 
the fault is termed a reverse fault. 

Fault block. A part of the earth's crust bounded 
wholly or in large part by foults. 

Fault scarp. The cliff formed by a fault. Most fault scarps 
have been modified by erosion since the foulting. 

Fauna. The animals that inhabited the world or a par- 
ticular region at a certain time. 

Feldspar. A group of light-colored, mostly white rock- 
forming silicate minerals, chiefly silicates of potas- 
sium and aluminum, or of sodium, calcium, and 
aluminum in various proportions. 

Felslc. A short term applicable to the group of felds- 
pathic minerals and quartz and to the rocks composed 
predominantly of these minerals. See also ''Mafic." 

FlbroUte. A mineral of the same composition as andalu- 
site, which it closely resembles in crystal form, al- 
though generally in more slender crystals. 

Fissile. Splitting readily into thin sheets, like shale, 
slate, or some kinds of schist. 

Fissure. An extensive crack, break, or fracture in the 
rocks. A mere joint or crack persisting only for a few 
inches or a few feet is not usually termed a fissure by 
geologists or miners, although in a strict physical 
sense it is one. 

Flood plain. The nearly level land that borders a stream 
and is subject to occasional overflow. Flood plainj^ 
are built up by sediment left by such overflows. 

Flora. The assemblage of plants growing at a given time 
or in a given place. 

Fluviatile deposits. Sedimentary deposits laid down 
by a river or stream. The GUa conglomerate is a 
fluviatile deposit. 

Fold. A bend in rock layers or beds. Anticlines and 
synclines are the common tj-pi^s of folds. 

Formation. A rock layer, or a series of continuously de- 
jKX'^ited layers grouped togt^ther, regarded by the 
geologist as a unit for purposes of description and map- 
ping. A formation is usually named from some place 
where it b^ exposed in its typical character, p^or 
example, Troy quart zite, Pinal schist. 

Fossil. The whole or any part of an animal or plant that 
ha.s be(m preserved in the rocks, or the impression left 
by a plant or animal. This preservation in invariably 
accompanied by some change in substance, and in 
impressions the original substance has all been re- 
moved . 

Galena. The mineral sulphide of lead, containing, when 
pure, 8().6 per cent of lead and 13.4 per cent of sulphur. 
A metallic lead-gray mineral recognizable by its color, 
weight, and softness and the fact that when crushe<l 
it breaks into little cubes (cubic cleavage). A ver\- 
important ore of lead. In many places it contains 
silver. 
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Gmrnet. Commonly a brown or red mineral in crystalB 
which, when perfect, are isometric polyhedrons, often 
with 12 diamond-shaped faces, Imown as rhombic 
dodecahedrons. There are several kinds of garnet 
di£fering in chemical composition. The conmion 
sorts are silicates of aluminum and of calcium, magne- 
sium, iron, or manganese. Garnet is a frequent prod- 
uct of contact metamorphism. 

Globulltes. Tiny rounded incipient crystal forms visible 
in some volcanic glasses when they are examined in 
thin sections under a microscope. 

Gneiss (pronounced * ' nice ' ' ) . A rock resembling granite 
but with its mineral constituents so arranged as to give 
it a banded appearance. Most gneisses are metamor- 
phic rocks derived from granite or other igneous rocks. 

Gnelssic, gnelssold. Having the appearance or charac- 
ter of gtaeisB. 

Grmnlte. A crystalline igneous rock that has solidified 
slowly deep within the earth. It consists chiefly of 
the minerals quartz, feldspar, and one or both of the 
common kinds of mica, namely black mica, or biotite, 
and white mica, or muscovite. Some varieties con- 
tain hornblende. The feldspar is of the kind known as 
orthoclase and may be distinguished from quartz by 
its pale-reddish tint and its property of breaking with 
flat, shining siu'faces (cleavage), while quartz breaks 
irregularly. The micas are easily recognized by their 
cleavage into thin, flexible flakes and their brilliant 
luster. 

Granodlorite. A granitic rock closely allied to quartz 
monzonite and quartz diorlte. 

Groundmass. The finer-grained part of a porphyritic 
rock, in which the lai^r crystals, or phenocrysts, are 
embedded. 

Hade. The vertical angle between a fault plane and a 
vertical plane parallel with the fault strike or trend. 
The complement of the fault dip. 

Holocrystalllne. Applied to a rock composed wholly of 
crystal grains and containing no volcanic glass. 
Intrusive igneous rocks are almost invariably holo- 
crystalllne. 

^omocllne. A body of strata that dip uniformly in one 
direction. A homocline may be a tilted fault block, 
a monocline, or the remnant of an anticline or syn- 
cllne of which the other limb or side has disapp>eared 
through faulting or erosion. 

Horizon. In geology, any distinctive plane traceable 
from place to place in different exposures of strata 
and marking approximately the same period of 
geologic time. The beds at a particular horizon may 
be characterized by distinctive fossils. 

Hornblende. A dark-green to black mineral silicate of 
complex and variable composition but containing 
usually considerable iron and magnesium. Usually 
in elongated or prismatic crystals. An abundant 
constituent of many rocks, especially of diorite and 
andesite. In fresh rocks the mineral may show 
fiashing surfaces that might lead to its being mis- 
taken for black mica (biotite). An original mineral 
in some igneous rocks but also a common alteration 
product of the chemically similar augite. 

Hypldlomorphlc. Nearly or not quite idiomorphic. 
See also Euhedral. 



Hypog;ene. Applied to ores or ore minerals that have 
been formed by generally ascending waters as con- 
trasted with supeigene ores or minerals. 

Idiomorphic. See Euhedral. 

Igneous rocks. Rocks formed by the cooling and 
solidification of a hot liquid material, known as 
magma, that has originated at unknown depths 
within the earth. Those that have solidified beneath 
the surface are known as intrusive rocks, or, if the 
cooling has taken place slowly at great depth, as 
plutonic intrusive or plutonic rocks. Those that have 
flowed out over the surface are known as effusive 
rocks, exclusive rocks, or lavas. The term "volcanic 
rocks ** includes not only lavas but bombs, tuff, vol- 
canic ash, and other fragmental materials or ejecta 
thrown out from volcanoes. 

Ilmenlte. Titanic iron ore. A hard black mineral re- 
sembling magnetite but only slightly attracted by a 
magnet. An oxide of iron and titanium. 

Induration. Hardening; especially the hardening of 
loose or soft material into firm rock or the change of 
soft rock into harder rock. 

Interference figure. A system of colored rings and 
curves combined with black bars and curves seen 
when a thin section of a mineral is examined in a 
certain way through the microscope or other suitable 
optical instrument. The interference figure is due to 
birefringence and is one of the most useful optical aids 
in identifying minerals. See also Birefringence. 

Intra telluric. Within the earth or formed within the 
earth. 

Intrusion displacement. Faulting coincident with the 
intrusion of an igneous rock. 

Irruptlve rock. An igneous rock which was forced into 
or invaded other rocks as molten magma. An in- 
trusive rock. The distinction between "imiptive" 
and "eruptive'* is often disregarded. 

Kaollnlte. A white soft earthy mineral consisting of a 
hydrous silicate of aluminum and one of the chief 
constituents of clay. A common product of rock 
decay and of oxidation in veins. 

Lacustrine. Pertaining to a lake. Lacustrine deposits 
are sediments laid down in a lake. 

LImonlte. A brown mineral consisting of hydrous oxide 
of iron and containing, when pure, 85.6 per cent of 
iron and 14.4 per cent of water. The mineral is earthy 
or of irr^ular form, never occurring in distinct crystals. 
It is the usual product left behind in the oxidation 
of pyrite. The minerals turgite and gdthite are also 
hydrous iron oxides not always readily distinguish- 
able from limonite. They contain less water than 
limonite. 

LItholdal. Applied to those fine-grained groundmassee 
of volcanic rocks that are dull and comparatively 
opaque in consequence of the presence of minute 
crowded crystals as contrasted with those in which the 
groundmass is shining and glassy. Stony. 

LIthologic. Pertaining to lithology, or the study of 
rocks. {See also Petrology.) Pertaining to rock 
character. 

LIthosphere. The rocky and interior part of the earth's 
body, exclusive of the oceans and other water masses 
(hydrosphere) and the atmosphere. 
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Plagloclase. A convenient designation for the feldspsups 
consisting chiefly of silicates of sodium, calcium, and 
aluminum as opposed to those consisting chiefly of 
potassium and aluminum silicates. The name has 
reference to the oblique character of the cleavage of 
these feldspars as compared with orthoclase, the com- 
mon potassium feldspar. 

Pleochrole. Possessing the property of pleochroism. 

Pleochrolsm. The property possessed by some minerals 
of showing different colors or different tints of the 
same color when rays of light (polarized light) are 
passed through them in a certain way in different 
directions. A useful optical aid in the identification 
of minerals. 

PoikUitic texture. That texture in an igneous rock pro- 
duced by the inclusion in one mineral grain or crystal 
of many particles of another mineral. The structure 
may be compared to chips of wood frozen into a 
block of ice, the chips having their grain running in 
various directions. 

Porphyritic. Having the texture of a porphyry. 

Porphyry. Any igneous rock in which certain crystals 
(phenocrys's) are distinct from a fine-grained matrix 
(groundmass). 

Protore. Low-grade material which by natural pro- 
cesses of enrichment is convertible into ore; as, for 
example, the so-called primary ore of the difsseminated 
copper deposits, containing generally less than 0.5 
per cent of copper. 

Pyrite. The familiar pale-yellow mineral sulphide of 
iron containing theoretically 46.6 per cent of iron 
and 53.4 cent of sulphur. The common crystal forms 
are cubes, octahedrons, 12-6ided solid figures with 
5-sided faces (pentagonal dodecahedrons), or com- 
binations of these. Often without complete crystal 
form. 

Pyroclastic. Applied to rocks made up of igneous rock 
fragments produced by explosive volcanic action. 
Tuffs and volcanic breccias are pyroclastic rocks. 

Pyroxene. A large and abundant group of minerals of 
which members occur in igneous and metamoq)hic 
rocks. They are silicates of a wide range of composi- 
tion and color but all closely related in crystal form. 
Augite, diopside, and wolla^«tonite are pyroxenes. 

Quartzlte. A rock composed of sand grains cemented by 
silica into an extremely hard mass. 

Rhyolite. A lava, usually of light color, corresponding in 
chemical composition to granite. The same molten 
liquid that at great depth within the earth solidifies 
as granite would, if it flowed out on the surface, cool 
more quickly and crystallize less completely as 
rhyolite. 

Rugose corals. Fossil corals belonging to the extinct 
order Rugosa and resembling a ribbed cornucopia in 
shape. 

Rutile. Oxide of titanium in crystals, usually small and 
of various colors. Occurs commonly only as a minor 
microscopic constituent of rocks. 

Sanldlne. A clear variety of orthoclase occurring in 
some siliceous lavas. 

Saprollte. Decomposed or disintegrated rock in place. 
Saprolite may retain the general appearance of the 
original rwk, save usually for more or less change in 
color, but is so soft as to be easily picked or shoveled. 
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phemlites. Ball-like bodies, especially common in 
some volcanic glasses, formed by the growth of radial 
clusters of crystals within the glass. They vary in 
size from pellets like small shot to balls several inches 
across. 

tratigraphy. The branch of geology that deals with 
the order of deposition and regional relations of the 
strata of the earth's crust. 

trlke* The direction along which a vertical or inclined 
rock layer, vein, or fissure would meet the earth's 
surface if that surface were level. The outcrop of a 
bed or dike on a plain is coincident with its strike. 

tructure. In geology, the forms assimied by sedimen- 
tary beds and igneous rocks that have been moved 
from their original position by forces within the earth, 
or the forms taken by intrusive masses of igneous rock 
in connection with effects produced mechanically on 
neighboring rocks by the intrusion. Folds (anti- 
clines and synclines) and faults are the principal 
effects considered under structure. Schistosity and 
cleavage are also structural features. 

ubhedrml. Applied to a crystal that is only partly 
bounded by crystal planes. Same as hypautomorphic 
or hypidiomorphic. 

upergene. Applied to ores or ore minerals that have 
been formed by generally descending water. Ores or 
minerals formed by downward enrichment. 

ynellne. An inverted arch of bedded or layered rock 
suggestive in form of a canoe. The term relates to the 
structure of the beds, not to the surface of the land. 

mlus (pronounced taylus). The mass of loose rock frag- 
ments that accumulates at the base of a cliff or steep 
slope. 

ectonic. Pertaining to structure. A tectonic feature 
on the earth's surface is one due to rock movements as 
opposed to a feature produced by erosion or deposition. 

errace. A steplike bench on a hillside. Most terraces 
along rivers are remnants of valley bottoms formed 
when the land was lower or when the stream flowed at 
higher levels. Other terraces have been formed by 
waves. Some terraces have been cut in solid rock, 
others have V^ecn built up of sand and gravel, and still 
others have been partly cut and partly built up. 

hin section. A fragment of rock or mineral ground to 
paper thinness, polished, and mounted between 
glasses as a microscopic slide. Rocks and most min- 
erals, except the oxides and sulphides of the metals, are 
translucent to transparent in thin section, and the 
optical properties of each mineral can be studied with 
the niicroscoi^e. 

[lulite. A pink mineral of the epidote group, which 
owes its color to the presence of manganese. 

tanite. A crystalline mineral composed of titanium, 
calcium, silicon, and oxygen (a titanosilicate of cal- 
cium). A fairly common but rarely abundant con- 
stituent of some granitic igneous rocks. Generally 
yellow or brown with waxy luster. Can frequently 
be recognized without the aid of a lens. 

)urmallne. A complex mineral silicate of boron and 
aluminum with other constituents. Commonly in 
black prisms with curved triangular cross sections. 
A microscopic constituent of some of the Pinal schist. 



Trftnsportmtlon. In geology, the shifting of material 
from one place to another on the earth's surface by 
moving water, ice, or air. The carriage of mud and 
dissolved salts by rivers, the passage of a dust-laden 
whirlwind across a desert, the inland mstfch of sand 
dimes from a sea shore, and the creeping movement 
of rocks on a glacier are all examples of transportation. 

Trlchltes. Hairlike incipient crystal forms visible in 
some volcanic glasses when examined in thin section 
under the microscopcf. Trichites are formed by the 
aggregation of globulites. See also Globulite. 

Tuff. A rock consisting of a layer or layers of lava par- 
ticles blown from a volcano. A fine tuff is often 
called volcanic ash, and a coarse tuff is called breccia. 

Tuffaceous. Having the character or appearance of a 
tuff. 

Tuff-breccia. A stratified tuffaceous rock in which the 
fragments are angular and larger than in a tuff. 

Type locality. The place at which a formation is typi- 
cally displayed and from which it is named; abo the 
place at which a fossil or other geologic featiure is dis- 
played in typical form. 

Unconformity. A break in the regular succession of 
sedimentary rocks, indicated by the fact that one bed 
rests on the eroded surface of one or more beds which 
may have adistinctly different dip from the bed above. 
An imconformity may indicate that the beds below it 
have at some time been raised above the sea and have 
been eroded. In some places beds thousands of feet 
thick have been washed away before the land again 
became submerged and the first bed above the surface 
of unconformity was deposited. If beds of rock may 
be regarded as leaves in the volume of geologic history 
an unconformity marks a gap in the record. 

Uniaxial. Applied to crystals whose molecular structure 
has the highest possible grade of symmetry with refer- 
ence to one crystal axis. In the direction of this 
axis both beams into which a ray of ordinary light is 
split on enteiing the crystal travel with the same 
speed and consequently emerge without birefringence. 
Quartz is uniaxial. 

Uralltization. The change of the mineral augite Into 
the green fibrous variety of the mineral hornblende. 
The change is often due to weathering but may be a 
result of more intense metamorphism. 

Vein. A mass of mineral material that has been deposited 
in or along a fissure in the rocks. A vein differs from 
a dike in that the vein material was introduced grad- 
ually by deposition from solution, whereas a dike was 
intruded in a molten condition. 

Versant. One side or slope of a mountain range, as the 
east versant. 

Vesuvianlte. A green, yellow, or brown mineral, gen- 
erally in short, square prismatic cryst-als occurring 
characterLstically in limestone where altered by the 
heat and emanations from an intrusive rock. Vesu- 
vianite is a silicate of calcium and aluminum. 

Vitrophyric. Applied to that structure in lavas in 
which the largei crystals or j)henocrysts are embedded 
in a volcanic gla.^s. 

Volcanic glass. Lava that has c<M)led and solidified 
before it has had time to crystallize. 
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Tolemnlc rocks. Igneous rocks erupted at or near the 
earth's surface; including' lavas, tuffs, volcanic ashes, 
and like material, which are also classifiable as sedi- 
mentary rocks. 

Weathering. The group of processes, such as the chem- 
ical action of air and rain water and of plants and 
bacteria and the mechanical action of changes of tem. 
perature, whereby rocks on exposure to the weather 
change iti character, decay, and finally crumble into 
soil. 



Woilastonlte. A white mineral of the 
consisting of silicate of calcium. A < 
of the metamorphism of limestoD 
igneous rocks. Often in aggregates 
crystals without distinct crystal plane 

Zircon. The mineral silicate of zirco 
common but nowhere abundant mic 
uent of many igneous rocks, especiall; 
rocks. 
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